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August  22nd  1932 


Please  Refer  to 


To  The  California  Toll  Bridge  Authority, 
Governor  James  Holph,  Jr. ,  Chairman, 
State  Capitol, 
Sacramento,  California. 

Gentlemen: 

There  is  herewith  transmitted  a  report  on  the  pro- 
nosed  San  Jrancis co-Oakland  Bay  Bridge.  This  report  covers 
Briefly  the  history  of  the  project  and  laws  governing,  also 
the  necessity  for  the  project  and  the  immediate  and  future 
effect  of  its  construction  on  the  economic  and  commercial 
welfare  of  the  Bay  District,  California  and  the  Kation. 

Accurate  detailed  costs  of  construction  are  shown, 
traffic  estimates  are  given  together  with  revenue  from  tolls, 
and  a  plan  of  amortization.  Traffic  estimates  are  based  on 
ultra-conservative  consideration  of  the  population  growth  and 
development  of  the  Bay  Area  and  the  State.  The  careful  study 
of  other  major  bridge  projects  now  in  operation  under  less 
favorable  conditions  has  shown  that  they  have  far  exceeded  our 
estimated  rates  of  traffic  increase. 

The  San  Irancis co-Oakland  Bay  Bridge  is  an  ideally 
typical  self-liquidating  project,  and  meets  all  requirements 
of  the  recent  measures  passed  by  Congress  for  the  relief  of 
unemployment . 

Plans  and  specifications  for  the  project  have  been 
completed  and  approved  so  that  the  first  foundation  contracts 
can  be  immediately  advertised  for  bids.  For  that  reason,  it 
is  very  important  that  immediate  steps  be  taken  by  the  Califor- 
nia Toll  Bridge  Authority  to  finance  the  project. 

Respectfully  submitted, 


WALTER  E.  GARRISON, 
Director, 
State  Department  of  Public  Works 


California  Welcomes  the  World — Tenth  Olympiad,  Los  Angeles.  1932 
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OBJECT  of  REPORT 


The  object  of  this  report  is  to  brief- 
ly present  the  salient  features  of  the  pro- 
posed San  Francisco-Oakland  Bay  Bridge 
supporting  its  commercial  necessity  and 
engineering  feasibility,  and  establishing 
its  financial  integrity  as  a  self  liquidat- 
ing project  through  the  collection  of  tolls. 
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GENERAL  CONCLUSIONS 

As  a  result  of  the  extensive  investigations  that  have 
been  made  in  connection  with  this  project  and  briefly  outlined 
in  this  Report,  the  following  conclusions  are  logical. 

1.  Necessity 

The  construction  of  the  project  will  connect  two  major 
metropolitan  areas  with  a  combined  population  of  1,250,000, 
bridging  the  existing  5-mile  water  barrier  with  a  wide  open 
highway  and  eliminating  the  present  ferry  system. 

The  project  is  essential  to  the  commercial  development 
not  only  of  the  Bay  Area  but  of  the  entire  State  of  California. 
It  will  not  only  connect  two  centers  of  population,  but  will 
permit  and  facilitate  the  development  of  the  entire  area  into  a 
unified  metropolitan  district. 

The  construction  of  the  bridge  will  remove  the  increas- 
ing hazard  to  life  and  property  inherent  in  the  ferry  traffic 
on  the  Bay.  The  structure  with  its  long  spans  and  high  clear- 
ances will  present  only  slight  obstruction  to  navigation  and 
will  entirely  obviate  the  possibility  of  the  disaster  that  might 
result  in  ease  of  a  ferry  boat  collision. 

2.  Feasibility 

The  engineering  studies  in  connection  with  the  project 
are  so  complete  and  have  been  carried  out  in  such  detail  that 
there  is  no  question  as  to  the  feasibility  of  the  construction. 


2. 


Foundation  explorations  have  thoroughly  demonstrated 
that  the  foundations  are  adequate. 

The  project  has  been  designed  and  will  be  constructed 
under  the  supervision  of  engineers  of  long  experience  in  major 
bridge  construction.  The  plans  have  been  checked  in  detail  by 
a  Board  of  Consulting  Engineers  of  national  reputation  and 
experience,  who  will  have  consulting  supervision  of  the  con- 
struction. 

3.  Financing 

The  estimates  of  cost  have  been  carefully  prepared 
and  the  estimates  presented  herein  are  ample  to  cover  all  charges 
in  connection  with  the  project.  These  estimates  have  been  check- 
ed and  approved  by  the  Board  of  Consulting  Engineers. 

The  present  traffic  crossing  the  Bay  is  sufficient  in 
volume  to  meet  all  charges,  at  the  present  rate  of  ferry  tolls. 
With  an  assumed  stimulation  as  shown  by  traffic  census  of  only 
half  that  experienced  at  the  Delaware  River  Bridge,  the  entire 
capitalization  can  be  amortized  in  less  than  twenty- five  years, 
after  which  time  the  bridge  will  be  free  of  tolls.  Average 
tolls  charged  over  the  period  of  amortization  will  be  consider- 
ably less  than  the  present  ferry  rates.  There  is  no  question 
relative  to  the  self-liquidating  feature  of  the  project. 

4.  Legality  and  Authority 

The  construction  and  maintenance  of  the  bridge  has  been 
authorized  by  the  State  Legislature.  The  validity  of  this  law 
with  special  reference  to  the  revenue  type  of  financing  has  been 
approved  by  the  State  Supreme  Court. 
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Congress ional  authority  has  been  secured. 

The  Secretary  of  War  has  approved  the  navigation 
clearances  and  the  Secretaries  of  War,  of  the  Navy,  and  of 
Commerce  have  granted  an  easement  across  government  property. 

5.  Approval  by  Hoover- Young  Commission 

The  project  has  been  approved  as  to  location,  neces- 
sity, engineering  feasibility  and  financial  soundness  by  the 
Hoover-Young  Commission  appointed  by  the  President  of  the 
United  States  and  the  Governor  of  California. 

6.  Unemployment  Belief 

The  project  can  be  advertised  immediately  upon  assur- 
ance of  financing. 

Actual  construction  can  be  started  by  November  1,  1932, 
with  immediate  employment  of  a  large  number  of  men.  Orders  for 
steel  ean  be  placed  immediately,  which  will  materially  stimulate 
the  steel  industry  and  create  a  large  volume  of  freight. 

This  project  cannot  be  considered  as  local  in  charac- 
ter, because  of  the  great  quantities  of  materials  which  will  be 
furnished  from  other  parts  of  the  United  States. 

The  project  will  be  particularly  helpful  in  increasing 
railroad  freight. 

Not  less  than  6,000  men  locally  and  5,000  men  in  vari- 
ous parts  of  the  United  States  will  be  directly  employed  on 
this  project  over  a  period  of  3-1/2  years.  The  moral  effect  on 
industry  and  business  in  general  will  indirectly  influence  the 
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employment  of  many  times  that  number. 

In  order  to  take  full  advantage  of  the  effect  which 
the  construction  of  this  project  will  have  on  unemployment,  it 
is  necessary  and  desirable  to  arrange  for  financing  its  cost 
immediately. 

After  careful  study  of  the  whole  project,  with  particu- 
lar reference  to  its  necessity  as  a  public  improvement,  its 
feasibility  from  an  engineering  point  of  view,  and  the  unques- 
tionable fact  that  the  entire  capital  cost  can  be  amortized  in 
less  than  SO  years,  convinces  us  that  there  is  no  project  in 
the  United  States  which  more  ideally  conforms  with  the  require- 
ments for  self-liquidating  projects  set  forth  in  the  recent 
relief  legislation  by  Congress. 

1  study  of  the  financial  requirements  for  construction 
indicated  in  Okbles  XOTII-XXXVIII,  pages  94-97,  shows  that  the 
actual  cash  necessary  may  be  obtained  at  regular  periods  distri- 
buted over  3-1/2  to  4  years.  We  believe  that  this  fact  has  cer- 
tain advantages  from  a  fiscal  standpoint  in  that  much  of  the  final 
amount  of  funds  needed  can  be  used  to  finance  short  term  loans  and 
be  repaid  to  the  Reconstruction  Finance  Corporation  before  they 
are  needed  for  this  project. 

Respectfully  submitted, 

C.  H.  PURCELL, 
Glenn  B.  Woodruff,  Chief  Engineer 

Engineer  of  Design 

Approved : 
G.  E.  Andrew, 
Bridge  Engineer  WALTER  E.  GARRISOI, 

Director  of  Public  Works. 
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SECTION  I 

Location  and  Brief  History 
(San  Francisco-Oakland  Bay  Bridge) 


SECTION  I. 
Location,  Brief  History,  and  General  Description 

(a)  Location 

The  proposed  San  Francisco-Oakland  Bay  Bridge  crosses 
San  [Francisco  Bay  on  a  direct  line  between  the  centers  of  popu- 
lation and  traffic  of  the  cities  of  San  [Francisco  and  Oakland, 
The  center  line  of  the  bridge  extends  from  a  point  on  the  Oakland 
shore  line  immediately  north  of  the  Key  Boute  Mole  in  a  westerly 
direction  to  Army  Point  on  Terba  Buena  Island,  thence  over  the 
island,  passing  under  the  crest  through  a  tunnel.  [From  the  west- 
erly shore  of  Yerba  Buena  Island,  the  center  line  extends  to  a 
point  on  the  San  Francisco  Harbor  line  at  the  end  of  Harbor  Pier 
No.  24,  which  is  approximately  at  the  foot  of  Harrison  Street  in 
San  Francisco. 

Reference  is  made  to  Drawing  No.  I,  page  111. 

(b)  History 

For  many  years  the  necessity  of  a  bridge  across  San 
Francisco  Bay  has  been  recognized.  Its  consummation  has  been  the 
dream  of  the  entire  bay  area  for  at  least  25  years.  It  was,  how- 
ever, not  feasible  from  an  economic  point  of  view  prior  to  the 
general  use  of  the  automobile  some  10  years  ago. 

During  the  years  of  1926  and  1927  private  individuals 
and  corporations,  recognizing  the  necessity  and  financial  sound- 
ness of  the  project,  sought  diligently  to  obtain  a  franchise  to 
construct  this  bridge.  In  all,  37  individuals  or  corporations 
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applied  for  such  a  privilege.  After  careful  study  and  delibera- 
tion, the  Board  of  Supervisors  of  San  Uranciseo  decided  that  any 
bridge  across  San  Francisco  Bay  should  be  publicly  owned  and,  in 
consequence,  rejected  all  applications  of  private  interests  for 
franchise. 

The  project  was  of  sueh  statewide  interest  and  influence 
that  a  joint  meeting  of  State  and  County  authorities  was  called. 
As  a  result  of  this  meeting,  steps  were  taken  to  pass  legislation 
which  would  enable  the  State  to  finance  and  build  major  bridge 
projects  such  as  the  San  Francisco-Oakland  Bay  Bridge;  funds  for 
which  would  be  obtained  by  sale  of  income  bonds. 

After  the  passage  of  these  laws,  President  Hoover  and 

Governor  Young  appointed  The  Hoover-Young  San  Francisco  Bay  Bridge 

Commission  for  the  purpose  of  investigating  the  engineering  and 

financial  feasibility  of  the  San  Francisco-Oakland  Bay  Bridge. 

The  members  of  this  Commission  were  as  follows: 

Mark  L.  Requa,  Chairman 

George  T.  Cameron,  Yiee  Chairman 

Rear  Admiral  Luther  E.  Gregory,  C.E.C.,  U.S.I. ,  Ret'd. 


jory, 
Rear  Admiral  W.  H.  Standley,  U.S.H. 

rary,  u 
Lieutenant  Colonel  E.  L.  Daley,  U.S. A 


y, 
Brigadier  General  G.  B.  Pillsbury,  U.S.A. 


Senator  Arthur  H.  Breed 

Gharles  D.  Marx 

C.  H.  Pur cell,  Secretary 

At  the  direction  of  the  Commission,  the  Department  of 

Public  Works  made  preliminary  borings,  designs  and  estimates  of 

the  cost  of  the  project,  together  with  traffic  estimates  and 

income.  This  data  was  submitted  to  the  Commission  in  the  form  of 

The  Hoover- Young  Report. 
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After  a  thorough,  and  complete  study  of  this  report, 
together  with  all  other  conditions  and  circumstances  affecting 
this  project,  the  Commission  reported  to  Governor  Young  and 
President  Hoover  on  August  6,  1930,  that  the  project  was  neces- 
sary to  the  development  of  the  Bay  area,  and  structurally  and 
financially  sound. 

Governor  Itolph,  who  succeeded  Governor  Young,  had,  as 
Mayor  of  San  Iraneisco,  always  recognized  the  necessity  and 
soundness  of  the  project  and  very  actively  supported  its  con- 
struction. As  Governor  of  California,  he  has  been  instrumental 
in  extending  the  necessary  laws  and  has  exercised  his  full  power 
toward  the  final  consummation  of  this  project. 

In  August,  1931,  the  California  Toll  Bridge  Authority 
appointed  Mr.  C.  E.  Purcell  as  Chief  Engineer  of  the  project. 
Soon  thereafter  a  design  organization  was  formed,  and  a  Board  of 
Consulting  Engineers  was  appointed. 

The  1929  Legislature  by  appropriation  made  a  loan  of 
|650,000  to  the  Toll  Bridge  Authority  for  the  purpose  of  making 
f iual  borings  and  design  of  this  project.  Under  this  appropria- 
tion, the  design  organization  has  been  working  up  to  the  present 
time. 

(c)  Description  of  Project 

The  project  consists  of  a  bridge  spanning  San  Iraneisco 
Bay  from  a  point  at  the  foot  of  Harrison  Street  in  San  Erancisco, 
via  Yerba  Buena  Island,  to  the  shore  line  of  Oakland.  The  main 
bridge  structure  is  divided  into  two  major  parts,  spanning  the 
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east  and  the  west  channels  of  San  Irancisco  Bay.  See  Drawing 
No.  II,  page  112. 

The  approved  design  for  the  West  Bay  structure 
(Drawing  No.  Ill,  page  113)  consists  of  twin  suspension  bridges 
with  a  central  live  load  anchor  pier.  Each  of  the  center  spans 
has  a  length  of  2310  feet  between  towers,  and  the  side  spans  a 
length  of  1160  feet  each;  the  total  distance  from  shore  to  shore 
in  the  west  channel  being  approximately  9000  feet. 

The  vertical  clearance  above  high  water  at  the  San  Iran- 
cisco  Harbor  line  and  at  the  pier  just  west  of  Yerba  Buena  Island 
is  176  feet.  This  clearance  rises  with  the  grade  of  the  bridge 
floor  to  a  vertical  height  above  high  water  of  214  feet  at  each 
of  the  central  tower  piers,  and  the  full  clearance  of  214  feet 
is  maintained  for  the  full  length  of  the  two  spans  on  either  side 
of  the  center  anchorage. 

The  approved  design  of  the  East  Bay  structure  consists 
of  a  1400-foot  central  span  cantilever  over  the  main  East  Channel 
with  two  511-foot  anchor  arms  and  five  509-foot  fixed  spans  extend- 
ing eastward  past  the  Oakland  Harbor  line  and  fourteen  291-foot 
fixed  spans  completing  the  structure  to  the  end  of  the  present 
Key  Route  fill.  Irom  the  end  of  the  Key  Route  fill,  the  bridge 
traffic  will  be  carried  by  viaduct  and  widened  fill  to  the  Oakland 
shore  line.  The  vertical  clearance  over  the  main  channel  is  185 
feet  above  high  water. 

The  portion  of  the  project  passing  over  Yerba  Buena 
Island  consists  of  a  500-foot  tunnel  under  the  crest  of  the 


island  and  a  steel  and  concrete  viaduct  extending  from  the  east 
tunnel  portal  to  the  main  cantilever  over  the  east  channel. 
(See  Drawing  VI,  page  116). 

In  San  Irancisco,  automobile  traffic  will  be  carried 
by  a  concrete  and  steel  viaduct  to  a  plaza  at  fifth  Street,  be- 
tween Harrison  and  Bryant  Streets,  where  traffic  will  be  dis- 
tributed to  the  existing  street  system  of  San  Irancisco.  Ascend- 
ing and  descending  ramps  from  the  bridge  will  permit  traffic 
destined  to  portions  of  the  business  district  nearer  the  bay  to 
leave  the  bridge  in  the  vicinity  of  First  and  Second  Streets. 
Interurban  traffic  is  taken  off  the  bridge  by  an  elevated  viaduct 
to  a  passenger  station  on  Minna  Street  between  Fremont  and 
Second  Streets, 

On  the  Oakland .side,  the  project  includes  the  toll 
plaza  (see  Drawing  II,  page  112),  beyond  which  point  the  approaches 
become  part  of  the  State  Highway  System  of  the  State  of  Califor- 
nia. (See  Drawing  I,  page  120). 
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SECTION  II. 

State  Laws  Authorizing;  Project  and  Establishment 
of  Their  Constitutionality  by  Supreme  Court 

State  Laws. 

For  several  years  proposals  were  made  to  bridge  San 
Francisco  Bay,  without  any  coordinated  action  or  success. 

In  order  that  the  State  could  consider  such  under- 
taking 

"An  Act  Providing  for  an  Investigation  by 
the  California  Highway  Commission  of  the 
Operation  of  Toll  Bridges  in  California 
and  for  the  Submission  of  a  Report  Thereon 
with  Recommendations  to  the  Forty-Eighth 
Session  of  the  Legislature" 
was  passed  by  the  Legislature  in  1927  and  recorded  in  Statutes 
1927,  Chapter  636. 

Reference  is  made  to  page  84  -  Important  Statutes  re- 
lating to  the  Department  of  Public  Works. 

The  Statutes  of  1929,  by  Senate  bill  700,  May  7,  1929 
Chapter  763,  Section  3,  created  the  "California  Toll  Bridge 
Authority",  and  further  powers  were  granted  at  the  1931  Session 
under  Chapter  405,  vesting  it  with  authority  to  aequire  toll 
bridges,  construct  such  projects,  direct  finances,  issue  Bonds 
and  all  controls. 

Reference  is  made  to  page  87  -  Important  Statutes  re- 
lating to  the  Department  of  Public  Works. 
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The  California  Toll  Bridge  Authority  is  thereby 
vested  with  full  authority  to  negotiate  all  financing  of  the 
San  Francisco-Oakland  Bay  Bridge. 

The  present  members  of  the  Authority  are: 

Governor  James  Rolph,  Jr. 
Lieutenant  Governor  Frank  F.  Merriam 
Chairman  of  Highway  Commission  -  Sari  Lee  Kelly 
Director  of  the  Department  of  Public  Works  - 

Walter  S.  Garrison 
Director  of  the  Department  of  Finance  - 

R.  A.  Vandegrift 

"An  Act  Authorizing  California  Toll  Bridge 

Authority  and  the  Department  of  Public 

Works  of  the  State  of  California  to  Lay 

Out,  Acquire  and  Construct  a  Highway 

Crossing  from  the  City  of  San  Francisco 

Across  the  Bay  of  San  Francisco  to  the 

County  of  Alameda  and  Providing  for  the 

Payment  of  the  Cost  Thereof1' 
was  passed  by  the  State  Legislature,  Statutes  1929,  Chapter  762; 
amended  1931.,  Chapter  399. 

The  Department  of  Public  Works  is  directed  by  these 
Laws  to  design  and  construct  the  San  Francisco-Oakland  Bay  Bridge. 

Reference  is  made  to  pages  251-252  -  Important  Statutes 
relating  to  the  Department  of  Public  Works 
Senate  Joint  Resolution  No.  7. 

Relative  to  memorializing  Congress  to  adopt  legislation 
consenting  to  the  construction,  maintenance  and  operation  of  a 
toll  bridge  across  San  Francisco  Bay  and  granting  a  right  of  way 
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across  Yerba  Buena  Island. 

***** 

Resolved  by  the  Senate  and  Assembly  of  the  State  of  California, 
jointly, 

That  the  Legislature  of  the  State  of  California  urgently  petition 
and  request  the  Congress  of  the  United  States  to  adopt  legislation 
consenting  to  the  California  toll  bridge  authority  and  the  de- 
partment of  public  works  of  the  State  of  California  constructing, 
maintaining  and  operating  such  a  toll  bridge  across  San  Francisco 
bay  .  .  .  and  granting  the  necessary  right  of  way  and  incidents 
thereto  for  constructing  such  bridge  to  and  over  Yerba  Buena 
Island,  as  recorded  in  Statutes  1931  Chapter  17. 

References  are  made  to  Important  Statutes  relating  to 
the  Department  of  Public  YJorks: 

Page  84  -  Investigation  of  Toll  Bridges 

Page  87  -  California  Toll  Bridge  Authority  Created 

Page  100-  Regulation  of  Toll  Bridges 

Pages  251-2  -  San  Jrancis co-Oakland  Bay  Bridge 

Page  279  -  Petition  to  United  States  Congress 

Copies  of  the  volume  accompany  this  report. 

Constitutionality 

The  Appellate  Court  has  sustained  the  validity  of  a 
Bond  issue  by  the  California  Toll  Bridge  Authority  in  the  case 
of  Banning  lentworth,  recorded  in  Tolume  212  of  California 

Reports,  page  298. 

***** 
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"In  the  Matter  of  the  Controversy  Between  CALIFORNIA  TOLL  BRIDGE 
AUTHORITY  and  TEE  CITT  AND  COUNTY  OF  SAW  FRANCISCO  (a 
Municipal  Corporation)  on  the  One  Part,  Proponents,  v. 
BENNING  WENTWORTH,  as  Auditor  of  the  City  and  County  of 
San  Francisco,  on  the  Other  Part,  Respondent." 

Several  eases,  similar  in  their  provisions  to  the 
California  Toll  Bridge  Authority,  are  cited  in  the  opinion.  The 
cases  of  note  are  those  of  the  States  of  West  Virginia,  Alabama, 
Kentucky,  and  Arkansas,  in  which  the  Supreme  Courts  have  sus- 
tained the  Acts  upholding  the  rights  of  the  Bridge  Commissioners 
to  issue  Bonds  when  the  revenues  of  such  bridges  are  pledged  to 
the  repayment  of  the  issues. 

The  California  Decision  concludes: 

"This  court  has  not  heretofore  had  occasion  to  pass 
directly  upon  4iie  question  whether  or  not  revenue  bonds 
secured  only  by  the  revenues  of  a  particular  utility  ac- 
quired with  proceeds  of  such  bonds  constitutes  a  debt  or 
liability  in  violation  of  section  I  of  article  X7I  of  the 
State  Constitution,  but  a  consideration  of  the  exact 
principle  involved  in  the  cause  now  before  the  court  will 
be  found  in  the  opinion  in  the  ease  of  Shelton  v.  City  of 
Los  Angeles,  206  CI.  544,  275  Pac.  421.  The  water  and 
power  commission  of  the  city  of  Los  Angeles  proposed  to 
issue  certain  obligations  termed  short-term  notes,  under 
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authority  of  a  charter  provision,  the  notes  to  be  paid 
solely  out  of  water  revenues  of  the  commission.  In  seeking 
to  enjoin  their  issuances,  a  tax-payer  claimed  that  the  ob- 
ligations, when  issued,  would  constitute  an  indebtedness  of 
the  city  itself,  and  one  incurred  in  violation  of  section  18 
of  article  II  of  the  State  Constitution  forbidding  the 
contraction  of  an  indebtedness  by  a  municipality  in  any 
such  manner.  This  court  held  (p.  552)  that  the  short-term 
notes  would  not  be  promises  on  the  part  of  the  city  of 
Los  Angeles,  but  would  constitute  acknowledgments  of  in- 
debtedness on  the  part  of  the  department  of  water  and  power, 
under  whieh  the  city  would  not  be  bound  to  do  anything 
which  might  be  enforced  by  action,  there  being  no  liability 
on  the  part  of  the  city  in  the  premises.  In  that  opinion 
this  court  distinctly  recognized  the  fact  that  "the  incur- 
ring of  such  indebtedness  has  been  held  elsewhere  not  to 
be  violative  of  a  constitutional  provision  such  as  our  own 
section  18  of  article  H",  citing  cases,  some  of  which  have 
been  discussed  in  this  opinion. 

"The  respondent  auditor  specified  a  large  number  of 
objections  when  asked  to  approve  the  claim  for  the  |5,000 
appropriated  by  the  board  of  supervisors.  What  we  have 
already  said  disposes  of  the  main  objection  raised;  in  fact 
is  fairly  determinative  of  all  the  points  raised.  (2)  But, 
it  is  argued,  the  legislature  cannot  lawfully  delegate  to 
a  subordinate  body  or  board,  such  as  the  California  Toll 
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Bridge  Authority,  the  right  to  pledge  the  earnings  or 
revenue  derived  from  property  belonging  to  the  state  without 
approval  of  the  legislature  or  without  specific  approval  by 
the  voters  of  the  state.  It  has  not  done  so.  The  act 
creating  the  Toll  Bridge  Authority,  and  providing  for  the 
cost  of  the  construction  of  toll  bridges  through  the 
revenue-bonds  method  of  financing,  pledges  the  earnings  and 
revenue  derived  from  the  bridge,  when  erected,  as  security 
for  the  payment  of  the  bonds,  without  any  liability  resting 
on  the  state,  and  merely  creates  a  subordinate  administrative 
body  to  carry  out  a  declared  legislative  purpose.  (Bates  v. 
State  Bridge  Commission,  supra.) 

(3)  While  the  parties  to  the  controversy  sought  to 
submit  it  to  the  court  without  aetion,  under  the  provisions 
of  sections  1138  to  1140  of  the  Code  of  Civil  Procedure,  we 
have  elected  to  treat  it  as  an  application  for  a  writ  of 
mandate,  following  our  aetion  in  re  City  and  County  of  San 
Francisco,  195  Cal.  426,  233,  Pac.  965. 

Therefore,  let  a  peremptory  writ  of  mandate  issue  to 
the  respondent,  as  Auditor  of  the  City  and  County  of  San  Fran- 
cisco, directing  him  to  audit  and  approve  the  demand  of  the 
petitioner,  California  Toll  Bridge  Authority,  for  the  sum  of 
$5,000,  duly  appropriated  by  the  Board  of  Supervisors  of 
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the  Gity  and  County  of  San  irancisco,  as  set  forth  in  the 
petition." 

(Signed)  "WASTE,  C.  J. 

We  concur: 

SEAWELL,  J. 
CURTIS,  J. 
SHMK,  J. 
RICHARDS,  J. 
LAN(2>0Nf  J. 
PRESTON,  J. 

Tol.  81,  California  Decisions,  615. 
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SECTION  III. 
Act  of  Congress  Legalizing  Bridge  and 
Permit  Granted  by  the  Department  of  War 

Act  of  Congress: 

"An  Act  Granting  the  consent  of  Congress  to 
the  State  of  California  to  construct,  maintain, 
and  operate  a  "bridge  across  the  Bay  of  San 
Francisco  from  the  Rincon  Hill  district  in 
San  Francisco  by  way  of  Goat  Island  to 
Oakland" 

was  passed  and  approved  February  20,  1931,  by  Public  Bill  No. 695- 

71st  Congress  (S  5825). 

A  BILL 
"To  extend  the  time  for  commencing  and  com- 
pleting the  construction  of  a  bridge  across 
the  Bay  of  San  Francisco  from  the  Bineon 
Hill  district  in  San  Francisco  by  way  of 
Goat  Island  to  Oakland" 
was  passed  by  joint  assembly  on  January  19,  1932,  extending  the 
time  2  and  7  years,  respectively,  from  February  20,  1932,  by 
H.  H.  8021,  72nd  Congress,  1st  Session. 

This  amends  the  General  Bridge  Law  -  Public  65,  59th 
Congress,  1st  Session,  -  Section  6,  which  requires  commencement 
of  such  construction  within  one  year  and  completion  within  three 
years  of  the  original  grant. 
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PERMIT 

Applications  were  made  to  the  Department  of  War, 
Navy  and  Commerce,  through  the  Director  of  Public  Works  of 
the  State  of  California,  for  approval  of  the  Bridge  Construc- 
tion and  permission  to  cross  the  Government  reservation  on 
Yerba  Buena  Island. 

A  joint  permit  granting  permission  to  cross  the 
Island,  vrith  all  necessary  easements,  was  issued  on  the  6th 
day  of  January,  1932,  signed  by  1    H.  Payne,  Acting  Secretary 
of  War.  A  further  permit,  approving  the  location  and  plans  of 
the  Bridge  was  granted  and  issued  May  25,  1932,  signed  by 
Lytle  Brown,  Major  General,  Chief  of  Engineers  and  I.  H.  Payne, 
The  Assistant  Secretary  of  War. 

The  construction  of  the  Bridge  is  thereby  authorized 
by  Congress,  and  approved  by  the  War  Department,  with  all 
necessary  Rights  of  Way  across  Yerba  Buena  Island. 
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[Public — No.  695 — 71bt  Congress] 

|S.  5825] 

An  Act  Granting  the  consent  of  Congress  to  the  State  of 
California  to  construct,  maintain,  and  operate  a  bridge  across  the  Bay  "f  San 
Francisco  from  tin'  Rincon  (fill  district  in  San  Francisco  lij  wnj  of  <e,at  Island 
to  Oakland 

lit  il  vMicted  I'll  tht  Scutiti  in,'/  Uoiixi  of  fitjirrxi  iitatii'ca  of  the 
f'niliil  Stul,  s  ,,/'  Aijirrirn  in  ('ontjrixx  /ixxt  mh/t //,  That  tin'  consent 
<i|'  (  ciilt''--  is  lif  i -•  -I » \  gi -it  hi eil  in  1 1 ii'  State  nl'  California  to  const  met, 

intuit],  mill  ojieriitc  a   bridge  and   approaches   thereto  across  the 

Hay  of  San  Francisco,  at  a  point  suitable  to  the  interest.-'  of  naviga- 
t  ii  hi  .  at  or  near  the  general  site  from  Itiiu-ou  Hill,  in  (lie  city  and 
count  \  of  San  I'"raneisco.  to  and  across  Goal  Island,  in  San  Francisco 
Hay.  thence  to  Oakland,  in  the  county  of  Alameda,  in  accordance 
with  llir  provisions  of  an  Act  entitled  "An  .Vet  to  regulate  the 
const  met  ion  "I  bridges  iiver  navigable  waters,"  approved  March  -■>, 

l'-'iM'i.  and  siibjecl  to  il onditious  and  limitations  contained  in  llii-' 

Act  :  /'/ 1> r'ul i  r/.  Th  '  |  ils-i < in  for  such  bridge  to  cross  the  Govern- 
ment reservation  on  Goal  Island  shall  first  be  obtained  from  the 
Secretaries  of  War.  Xavy,  and  Commerce:  /'ror/i/nl  further,  That 
if  any  buildings,  improvements,  or  facilities  on  such  Government 
reservations  arc  damaged  or  destroyed  by  the  construction  of  said 
bridge  they  shall  be  repaired  or  replaced  by  the  Slate  of  California 
on  a  silc  or  sites  acceptable  to  the  respective  head  of  the  department 
having  jurisdiction  over  the  property  involved. 

Sec.  -.  If  tolls  are  charged  for  the  use  of  such  bridge,  the  rates 
of  toll  shall  be  so  adjusted  as  to  provide  a  fund  sufficient  to  pay 
the  reasonable  cost  of  maintaining,  repairing,  and  operating  the 
bridge  and  its  approaches  under  economical  management,  and  to 
provide  a  sinking  fund  sufficient  to  amortize  the  cost  of  the  bridge 
and  its  approaches,  including  reasonable  interest  and  financing  cost, 
as  soon  as  possible  under  reasonable  charges,  but  within  a  period  of 
not  to  exceed  forty  years  from  the  completion  thereof.  After  a 
sinking  fund  sufficient  for  such  amortization  shall  have  been  so 
provided,  such  bridge  shall  thereafter  be  maintained  and  operated 
free  of  tolls  or  the  rates  of  toll  shall  thereafter  be  so  adjusted  as  to 
provide  a  fund  of  not  to  exceed  the  amount  necessary  for  the  proper 
maintenance,  repair,  and  operation  of  the  bridge  and  its  approaches 
under  economical  management.  An  accurate  record  of  the  costs  of 
the  bridge  and  its  approaches,  the  expenditures  for  maintaining, 
repairing,  and  operating  the  same,  and  of  the  daily  tolls  collected, 
shall  be  kept  and  shall  be  available  for  the  information  of  all  persons 
interested. 

Sec.  3.  The  right  to  alter,  amend,  or  repeal  this  Act  is  hereby 
expressly  reserved,  and  the  United  States  shall  incur  no  liability  of 
any  kind  whatsoever  for  the  alteration,  amendment,  or  repeal  thereof. 

Approved,  February  20,  1931. 
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SECTION  IY. 
Necessity  of  Project,  and  the  Effect  of  its  Completion  and 
Operation  Upon  the  San  Francisco  Bay  Area  and  California 

Two  major  metropolitan  districts  of  the  United  States  - 
San  Francisco  and  the  last  Bay  Cities,  including  Oakland, 
Berkeley,  Piedmont,  and  adjacent  cities  -  with  the  vast  agricul- 
tural areas  of  the  Saeramento  Valley  to  the  eastward  -  with 
populations  of  700,000  in  San  Francisco,  500,000  in  the  East  Bay 
metropolitan  area,  and  more  than  500,000  in  the  agricultural 
areas  eastward,  are  separated  by  the  natural  physical  barrier  of 
San  Francisco  Bay.  Only  ferry  service  now  exists  as  a  direct 
means  of  communication  between  these  two  great  centers  of 
population.  See  Drawing  I,  page  111. 

The  City  of  San  Francisco  represents  the  major  financial 
and  commercial  district  of  the  combined  metropolitan  area.  The 
East  Bay  is  fast  developing  into  the  major  manufacturing  center 
of  this  district  due  to  direct  rail  connections  and  larger  avail- 
able areas  for  that  purpose.  Likewise,  the  East  Bay  area  is  an 
important  residential  area  tributory  to  San  Francisco,  and  will 
continue  to  be.  At  present  approximately  50,000  persons  cross 
the  Bay  twice  each  week  day  and  the  great  majority  of  them  are 
"commuters" ,  traveling  from  their  homes  in  the  East  Bay  cities 
to  places  of  business  in  San  Francisco.  The  interdependence  of 
the  two  sections  -  San  Francisco  and  the  East  Bay  -  is  such  as  to 
require  extensive  and  rapid  movement  of  passengers  and  commodities 
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across  the  Bay.  "Hie  present  ferry  service  may  be  said  to  be 
the  best  in  existence  but,  despite  that  fact,  it  is  a  slow 
method  of  transportation  across  the  4-|-  miles  of  water.  The 
ferries  have  long  since  been  a  menace  to  commercial  navigation 
on  the  Bay,  and  this  menace  is  rapidly  increasing  with  the 
increase  in  the  number  of  ferry  boats.  Vehicular  ferry  boat 
movements  from  San  Irancisco  to  the  East  Bay  have  increased 
between  1925  and  1930  from  30  per  hour  to  45  per  hour,  further 
traffic  development  will  make  worse  the  congestion  in  navigation. 

In  many  respects,  local  conditions  are  comparable  with 
those  which  existed  between  lew  York  and  New  Jersey  before  the 
construction  of  the  Holland  Tube  and  the  George  Washington 
Bridge,  except  that  the  distance  across  San  Srancisco  Bay  is 
4i  miles  as  compared  with  less  than  a  mile  across  the  Hudson 
Biver.  The  economy,  and  saving  in  time,  of  direct  communication 
via  a  bridge  as  compared  with  the  present  ferries  on  San 
Francisco  Bay  is  correspondingly  greater. 

Vehicular  traffic  across  the  Bay,  in  spite  of  the 
ferry  handicap,  has  rapidly  increased  during  the  past  15  years. 
In  1915,  364,000  vehicles  crossed  the  Bay.  By  1930  the  traffic 
had  increased  to  4,500,000  vehicles.  Conservative  estimates 
indicate  "that  upon  completion  of  the  bridge  in  1937  the  traffic 
will  have  increased  to  7,500,000  or  8,000,000  vehicle  trips 
carrying  from  15,000,000  to  16,000,000  passengers  per  annum. 

In  addition  to  the  vehicular  traffic  and  passengers, 
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there  are  now  35,000,000  passengers  (the  majority  being 
"commuters1')  crossing  the  Bay  annually  via  interurban  trains 
and  connecting  ferries.  These  "commuters"  represent  approximate- 
ly 50,000  people  who  cross  the  Bay  twice  each  week  day,  traveling 
between  their  residences  and  their  places  of  business. 

The  rapid  development  of  deep  sea  shipping  to  and 
from  the  harbors  of  Oakland  and  San  Francisco,  together  with  the 
increased  transportation  across  the  Bay  ferries,  is  bringing 
about  a  congestion  of  traffic  on  the  Bay  which  must  be  eliminated. 

The  dense  fogs  which  frequently  exist  on  the  Bay  not 
only  greatly  retard  the  speed  of  the  ferries,  but  greatly  in- 
crease the  hazard  to  life  and  property,  particularly  due  to  the 
fact  that  the  ferries  travel  directly  across  the  path  of  ocean 
borne  commerce. 

The  City  of  San  Irancisco  is  now  isolated  from  the 
mainland  on  both  the  east  and  north.  The  proposed  bridge  will 
provide  a  direct  connection  to  the  mainland,  thus  removing  this 
barrier.  It  will  greatly  benefit  commercial  inter  exchange,  and 
facilitate  national  defense  in  time  of  war. 

The  time  for  each  vehicular  trip  across  the  Bay  will 
be  reduced  by  approximately  30  minutes,  and  each  passenger  trip 
by  approximately  10  to  15  minutes,  resulting  in  a  marked  im- 
provement in  the  convenience  to  the  commuters  and  to  the  trans- 
portation of  commodities  when  the  bridge  is  finished.  It  will 
also  extend  the  commuting  radius  in  the  East  Bay  and  permit  the 
development  of  new  residential  areas. 
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The  opening  of  this  bridge  will  be  far  reaching  in 
its  effect,  not  only  to  the  Bay  Area,  but  to  all  of  Northern 
California  and  all  the  great  area  outside  of  California  which 
is  tributary  to  San  Eraneisco  Bay. 

The  prime  importance  of  this  project  was  exhaust- 
ively covered  by  the  Hoover-Young  Bay  Bridge  Commission.  Their 
conclusions  included  the  following  statements: 

"  (a)  To  meet  the  present  and  future  needs  of 
the  several  communities  a  crossing  for 
traffic  between  San  Francisco  and  the 
East  Bay  cities  is  necessary." 

11  (e)  A  bridge  ...  from  Rincon  Hill  via  Goat 
Island  (Yerba  Buena)  then  parallel  to 
the  Key  Route  Mole  is  practicable  from 
an  engineering  standpoint.  It  is 
economically  feasible  under  a  proper 
fiscal  plan  and  will  adequately  serve 
the  needs  of  trans bay  traffic." 
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SECTION  Y. 

Unemployment  Relief 
Immediate  Effect  of  the  Construction  of  the  Project  upon  the 
Commercial  Life  of  the  Bay  Area  and  the  Nation 

The  beneficial  effeet  of  the  immediate  starting  of  con- 
struction on  this  project  will  be  far  reaching  in  its  action.  No 
other  type  of  public  construction  could  be  so  widespread  over  the 
nation  in  its  stimulating  effect  on  industry  and  in  relief  of 
unemployment.  It  cannot  be  considered  as  local  in  its  effect. 
This  assertion  is  best  substantiated  by  the  following  facts  and 
figures. 

The  approximate  amounts  of  major  materials  which  will 

be  used  in  the  construction  of  the  San  Eraneisco-Oakland  Bay 

Bridge  are: 

170,000  tons  of  structural  steel  and  wire 
20,000  tons  of  reinforcing  steel 
300,000  gallons  of  paint 
40,000,000  BJL  of  lumber 
1,000,000  barrels  of  cement 
1,000,000  cubic  yards  of  concrete  aggregates 

(sand  &  gravel) 

Large  quantities  of  materials  such  as  pipe,  electric  signal  and 
lighting  equipment;  approximately  fl, 500, 000  worth  of  construc- 
tion equipment,  such  as  barges,  derricks,  cable,  concrete  mixers, 
pile  driving  equipment,  etc. 

Practically  all  of  the  structural  steel  and  wire  will 
be  rolled  and  fabricated  in  Pennsylvania,  or  other  eastern  states, 
and  will  give  great  impetus  to  the  steel  industry  in  general  from 
the  ore  mines  in  Michigan  through  the  mills  in  the  large  steel 
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manufacturing  districts.  From  the  rolling  mills  the  steel  will 
pass  through  the  fabricating  shops,  where  large  numbers  of  men 
are  employed. 

When  fabricated,  the  steel  members  will  be  of  such  size 
and  character  that  a  very  large  percentage  of  the  steel  will  be 
shipped  across  the  continent  by  rail  to  the  bridge  site.  In  this 
way  railroads  will  be  afforded  the  much  needed  increase  in  freight. 

Reinforcing  steel  will  probably  be  divided  between  the 
east  and  west  coast  mills  and  in  each  case  will  aid  greatly  in 
reviving  these  industries  with  added  business  to  the  railroads. 

200,000  gallons  of  paint  will  aid  greatly  in  reviving 
the  paint  industry. 

The  supplying  of  40,000,000  feet  of  lumber  will  start 
many  saw  mills  and  logging  operations  in  the  states  of  Oregon  and 
Washington,  now  closed,  with  further  aid  to  the  railroads  and 
coastwise  shipping. 

The  manufacture  of  1,000,000  barrels  of  eement  will  tax 
the  full  capacity  of  all  cement  plants  in  the  Northern  California 
district  for  some  time,  and  will  produee  freight  business  for  the 
railroads. 

The  supplying  of  1,000,000  cubic  yards  of  sand  and 
gravel  will  change  operating  conditions  of  local  aggregate  plants 
from  practically  "shut  down"  to  full  capacity  production. 

The  large  amount  of  construction  equipment  will  come 
from  various  manufacturers  in  the  middle  west,  and  will  create 
freight  business.  It  is  estimated  that  not  less  than  an  average 
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of  6000  men  will  be  employed  locally  for  a  period  of  3|  years 
on  the  direct  construction  of  the  bridge.  In  addition  a  great 
number  of  men  will  be  employed  in  local  and  nation-wide 
industries  on  the  supplying  and  manufacturing  of  the  required 
material.  This  number  is  conservatively  estimated  at  5000  men 
over  the  first  2i  years  of  construction.  In  addition  to  those 
employed  directly  in  the  local  construction  and  manufacture  of 
materials,  a  very  large  number  of  men  and  women  will  be  employed 
in  outside  industries  v/hich  will  be  inspired  to  expand  their 
present  curtailed  operations.  See  Table  VIII,  page  28. 

The  contribution,  to  relief  of  the  present  financial 
depression  and  general  unemployment  conditions,  which  this  project 
can  supply  can  be  made  almost  immediately  if  funds  are  made  avail- 
able. Plans  have  advanced  to  such  a  stage  that  contracts  for 
the  bridge  foundations  can  be  advertised  immediately  after 
financing  is  assured.  The  manufacture  of  steel,  cement,  and 
lumber,  will  start  very  soon  after  the  letting  of  contracts  with 
attendant  relief  of  unemployment  wherever  such  manufacture  occurs. 

The  materials  and  labor  required  in  the  construction  of 
this  project  are  widely  distributed  throughout  the  United  States, 
and  the  building  of  the  Bridge  will  have  a  nation-wide  as  v/ell  as 
local  effect  in  renewed  activity  in  the  employment  of  labor. 

Without  question,  the  stimulation  of  business  in 
general  through  an  expenditure  for  a  project  of  this  nature  is 
widespread  and  will  no  doubt  equal  many  times  the  actual  outlay 
for  this  specific  project. 
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SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 

TABLE  VIII 
ESTIMATED  EMPLOYMENT  -  MAN  HOURS 


San  Francisco 

Outside 

Year   Month 

General 

Sub- 

Sub- 

Total 

Contractors 

Contractors 

Contractors 

1932  November 

50,000 

150,000 

100,000 

300,000 

December 

100,000 

150,000 

150,000 

4.00,000 

1933  January 

200,000 

200,000 

200,000 

600,000 

February- 

4.00,000 

300,000 

300,000 

1,000,000 

March 

4-00,000 

300,000 

300,000 

1,000,000 

April 

500,000 

300,000 

4-00,000 

1,200,000 

May- 

500,000 

300,000 

4-00,000 

1,200,000 

June 

600,000 

300,000 

4.00,000 

1,300,000 

July 

600,000 

300,000 

500,000 

1,4.00,000 

August 

700,000 

300,000 

500,000 

1,500,000 

September 

300,000 

300,000 

500,000 

1,600,000 

October 

800,000 

300,000 

500,000 

1,600,000 

November 

300,000 

300,000 

500,000 

1,600,000 

December 

300,000 

300,000 

500,000 

1,600,000 

1934-  January 

800,000 

300,000 

500,000 

1,600,000 

February 

300,000 

300,000 

500,000 

1,600,000 

March 

800,000 

300,000 

4-00,000 

1,500,000 

April 

800,000 

300,000 

400,000 

1,500,000 

May 

800,000 

300,000 

4.00,000 

1,500,000 

June 

800,000 

300,000 

4.00,000 

1,500,000 

July 

600,000 

200,000 

4.00,000 

1,200,000 

August 

600,000 

200,000 

4-00,000 

1,200,000 

September 

600,000 

200,000 

4.00,000 

1,200,000 

October 

600,000 

200,000 

4.00,000 

1,200,000 

November 

600,000 

200,000 

4.00,000 

1,200,000 

December 

600,000 

200,000 

4.00,000 

1,200,000 

1935  January 

500,000 

200,000 

300,000 

1,000,000 

February 

500,000 

200,000 

300,000 

1,000,000 

March 

500,000 

200,000 

300,000 

1,000,000 

April 

500,000 

200,000 

300,000 

1,000,000 

May 

700,000 

200,000 

300,000 

1,200,000 

June 

700,000 

200,000 

300,000 

1,200,000 

July 

700,000 

200,000 

100,000 

1,000,000 

August 

700,000 

200,000 

100,000 

1,000,000 

September 

700,000 

200,000 

100,000 

1,000,000 

October 

900,000 

200,000 

100,000 

1,200,000 

November 

900,000 

200,000 

100,000 

1,200,000 

December 

900,000 

200,000 

100,000 

1,200,000 

1936  January 

900,000 

200,000 

100,000 

1,200,000 

February 

900,000 

200,000 

100,000 

1,200,000 

March 

900,000 

200,000 

100,000 

1,200,000 

April 

900,000 

200,000 

100,000 

1,200,000 

May 

700,000 

200,000 

100,000 

1,000,000 

June 

700,000 

200,000 

100,000 

1,000,000 

July 

700,000 

200,000 

100,000 

1,000,000 

August 

500,000 

100,000 

w 

600,000 

September 
October 

300,000 

100,000 

— 

A00,000 

200,000 

— 

— 

200,000 

November 

100,000 

■* 

- 

100,000 

December 

50,000 

— 

- 

50,000 
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SECTION    VI 

TRAFflC- 
Past,  Present,  and  Future  Prediction 


SECTION  71. 
Traffic  -  Past,  Present  and  Future 

Only  from  a  eareful  analysis  of  the  vehicular  and 
interurban  traffic  can  one  realize  how  much  of  a  barrier  the 
San  Francisco  Bay  is  to  the  commerce  that  would  naturally 
exist  between  such  centers  of  population  as  San  Francisco  and 
the  East  Bay  cities.  It  is  true  that  excellent  ferry  service 
exists,  but  ferries,  by  their  very  nature,  cannot  furnish  the 
service  that  is  now  demanded  by  the  motorist.  The  conditions 
existing  here  are  similar  to  those  in  Philadelphia  at  the  start 
of  building  the  Delaware  River  Bridge,  and  to  the  conditions 
over  the  Hudson  River  in  New  York  City  before  the  construction 
of  the  Holland  Tunnel.  It  is  to  be  anticipated  that  the  great 
increases  of  traffic  following  the  completion  of  those  facili- 
ties will  be  paralleled  when  the  Bay  Bridge  spans  from  Rincon 
Hill  to  the  East  Bay  cities. 

Statistics  concerning  the  population  of  the  Bay  Area 
are  given  on  Table  I,  page  37.  The  figures  for  1930  and  pre- 
ceding years  are  from  the  United  States  Census;  those  for  suc- 
ceeding years  are  forecasts  furnished  by  the  statistical 
department  of  the  Pacific  Telephone  and  Telegraph  Company.  The 
same  table  also  shows  the  record  of  motor  vehicle  registrations 
in  the  Bay  Area  and  in  the  State  from  1920  to  1931,  and  also  what 
is  believed  to  be  a  conservative  forecast  of  registration  for 
future  years.  The  gas  consumed  in  motor  vehicles  from  1924  to 
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1931  is  also  listed  and  again  a  forecast  is  made  for  future 
years. 

Assuming  no  change  in  the  nature  of  traffic  facilities 
and  until  such  facilities  become  congested,  the  best  measure  of 
vehicular  traffic  is  that  of  gasoline  consumption.  This  has  been 
checked  by  application  against  several  completed  structures  and  a 
remarkably  close  relation  observed.  Assuming  that  the  forecasts 
of  population,  persons  per  car  and  the  gas  consumption  per  car 
are  conservative,  and  assuming  further  no  change  in  facilities 
except  those  necessary  to  accommodate  the  increased  volume  of 
traffic,  the  increases  should  be  very  close  to  those  in  the  last 
columns  of  Table  I,  page  37. 

Transbay  Ferry  Traff io 

Although  vehicular  ferries  have  been  operated  between 
Oakland  and  San  Francisco  since  1851,  it  was  not  until  the  advent 
of  the  automobile  that  the  volume  of  business  became  of  conse- 
quence. In  fact,  most  of  the  present  volume  of  business  has 
developed  in  the  last  decade. 

Of  the  Oakland,  Berkeley,  and  Alameda  Ferries,  only  the 
first  named  was  in  operation  until  1926  when  a  service  to  Alameda 
was  inaugurated.  This  was  followed  in  1927  by  a  service  between 
Hyde  Street,  San  Francisco,  and  University  Avenue,  Berkeley.  The 
immense  growth  of  traffic  may  be  seen  (Table  II,  page  38)  by  the 
fact  that  in  1920  the  Oakland  Ferry  carried  773,294  vehicles, 
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while  in  1930  the  three  ferries  carried  4,544,414  vehicles,  an 
increase  of  nearly  500  per  cent.  Both  the  Oakland  and  Berkeley 
ferries  have  shown  consistent  increases  in  traffic  from  year  to 
year.  There  has  been  a  considerable  drop  in  the  Alameda  ferry 
since  1928.  This  is  probably  due  to  the  fact  that  better  time, 
on  the  average,  may  be  made  by  way  of  the  Posey  Tube  and  the 
Oakland  ferry. 

A  record  of  the  transbay  vehicular  traffic  from  1920 
to  1931  is  shown  by  Table  II,  page  38. 

The  great  increase  on  the  Oakland  vehicular  ferry  in 
1926  was  due  to  three  factors: 

1.  A  reduction  in  vehicular  ferry  tolls. 

2.  An  increase  in  passenger  ferry  rates. 

3.  Twenty-four  hour  ferry  service. 

None  of  these  represented  a  radical  change,  yet  the  sum  of  these 
factors  resulted  in  an  increase  or  "stimulation"  of  traffic  of 
50$  above  what  might  have  otherwise  been  anticipated.  It  would 
seem  reasonable  to  expect  even  greater  stimulation  by  substitut- 
ing a  bridge  for  the  ferry  service. 

The  forecast  of  vehicular  traffic  for  future  years  to 
1950  as  shown  by  Table  II,  page  38,  is  based  on  the  assumption 
that  the  bridge  will  be  open  for  traffic  on  or  before  January  1st. 
1937. 

The  vehicular  ferry  traffic  is  assumed  to  increase  at 
the  same  rate  as  the  projected  gasoline  consumption.  The  conser- 
vative stimulation  of  33$  is  assumed  for  the  improved  facility 
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giving  a  total  vehicular  traffic  of  8,000,000  in  1937.  The 
traffic  for  future  years  increased  at  a  decreasing  rate, 
reaching  10,000,000  vehicles  in  1943  and  12,620,000  in  1950. 
It  is  believed  this  estimate  errs  considerably  on  the  side  of 
conservatism.  For  purposes  of  comparison  with  other  structures, 
Plate  I,  page  39,  shows  this  traffic  compared  with  the  traffic 
across  the  Delaware  and  Hudson  Rivers.  lor  this  purpose  a  dif- 
ference of  ten  years  in  dates  has  been  made  so  that  the  proposed 
time  of  opening  the  Bay  Bridge  corresponds  approximately  with  the 
time  of  opening  the  Delaware  River  Bridge,  and  the  Holland  Tunnel. 

By  referring  to  Plate  I,  page  39,  it  will  be  noted  that 
the  stimulation  at  the  Delaware  River  Crossing  at  Philadelphia 
was  66$  or  double  that  assumed  here.  From  a  study  of  conditions 
at  this  location  it  is  reasonable  to  anticipate  an  even  greater 
stimulation  in  this  case. 

The  forecasts  are  based  on  the  present  ferry  traffic. 
In  the  past  three  years,  due  to  business  conditions,  this  traffic 
has  not  increased  as  fast  as  it  would  under  normal  conditions. 
When  business  recovers  it  is  probable  that  the  increase  will  be 
above  the  normal. 

It  should  be  noted  that  traffic  estimate,  Table  II, 
page  38,  is  for  the  total  vehicular  traffic  across  the  East  Bay 
and  can  be  applied  to  the  bridge  only  after  an  agreement  has  been 
reached  which  will  remove  the  ferry  competition.  If  the  ferries 
should  continue  in  operation,  a  study  of  other  operating  bridge 
projects  under  less  favorable  conditions  indicate  that  the  bridge 
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would  receive  not  less  than  80$  of  the  total  traffic.  To  be 
conservative  in  the  following  estimates  this  figure  is  assumed 
to  be  75$  for  the  San  Jrancisco-Oakland  Bay  Bridge.  Again 
referring  to  the  Delaware  River  Bridge  at  Philadelphia  -  approxi- 
mately 78$  of  the  total  traffic  uses  the  bridge,  in  spite  of  a 
somewhat  higher  tariff  on  the  bridge. 

The  above  forecasts  should  be  considered  as  the  minimum 
and  should  be  used  only  for  estimates  of  revenue  and  not  as  indi- 
cating the  traffic  capacity  that  may  be  required.  The  percentage 
of  "stimulation"  is  much  less  than  has  been  experienced  on  other 
similar  structures.  No  consideration  has  been  given  to  the 
stimulating  effect  on  traffic  of  the  proposed  tunnel  connecting 
Oakland  with  a  large  area  in  Contra  Costa  County  that  will  thereby 
be  brought  within  the  suburban  zone;  likewise  the  effect  of  the 
increased  travel  that  will  be  developed  by  the  contemplated  high- 
way improvements  reducing  the  distance  into  the  Sacramento  Valley. 

It  is  our  opinion,  therefore,  that  the  probable  traffic 
will  be  much  greater  than  tabulated  and  that  in  providing  facili- 
ties we  should  anticipate  not  less  than  the  following: 
Year         Ho.  of  Vehicles 

1937  9,000,000 

1940  11,000,000 

1950  19,000,000 

I960  27,000,000 
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Interurban  [Traffic 

Interurban  service  between  San  Francisco  and  the  East 
Bay  cities  is  furnished  by  two  competing  companies,  the  Southern 
Pacific  and  the  Key  System  Transit  Company.  The  service  consists 
of  express  electric  trains  from  the  East  Bay  cities  to  pier  heads, 
thence  passenger  ferries  to  the  Ferry  Building  at  the  foot  of 
Market  Street,  San  Francisco.  Of  these  two  companies,  the  older 
is  the  Southern  Pacific,  which  is  the  successor  of  the  original 
company  which  started  ferry  operations  in  1851.  The  first  connect- 
ing rail  route  was  organized  in  1861  and  started  operation  in  1864. 
The  steam  lines  were  converted  to  electric  operation  in  the  years 
1911-1913.  The  Key  System  was  organized  as  a  competing  line  and 
started  operations  on  October  26,  1903. 

Previous  to  1920,  there  was  a  very  consistent  increase 
in  the  number  of  passengers  carried  by  these  companies.  There 
was  a  slight  falling  off  in  1921  and  1922  due  to  the  post-war 
depression  period.  As  tabulated  on  Table  IV,  page  40,  there  was 
an  increase  until  1925  when  it  reached  its  peak  of  over  41,000,000 
passengers  annually.  Since  that  year,  the  business  has  decreased, 
the  decrease  being  accentuated  by  the  present  depression  so  that 
in  1931  only  32,000,000  passengers  were  handled.  This  decrease 
may  be  attributed  to  a  number  of  factors,  among  them  being: 
1.  The  increase  in  travel  by  private  automobiles,  improved 

vehicular  ferry  service,  and  reduced  rates  on  the  auto  ferries. 
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2.  The  increased  fares  on  the  part  of  the  Interurban  Companies. 

3.  The  unsatisfactory  nature  of  the  service  due  to  the  terminal 
transfer  necessary. 

4.  The  fear  (from  the  past  experience  more  imaginary  than  actual) 
of  an  accident  to  one  of  the  ferry  boats. 

Referring  again  to  Table  VI,  page  42,  it  may  be  noted 
that  the  trips  per  capita  for  the  population  of  San  Francisco  and 
Alameda  Counties  has  shown  a  steady  decline  from  49.7  in  1920  to 
36.9  in  1931.  This  can  be  interpreted  only  as  being  due  to  the 
fact  that  the  transportation  facilities  across  the  Bay  have  not 
advanced  in  accordance  with  our  increased  standards  of  living. 
The  present  trend  is  toward  the  development  of  isolated  communi- 
ties on  either  side  of  the  Bay,  rather  than  toward  a  well  balanced 
metropolitan  area. 

With  the  improved  service  that  will  be  available  upon 
completion  of  the  bridge,  it  is  reasonably  certain  that  there 
will  be  an  increase  in  interurban  traffic.  Quicker  service  with- 
out the  necessity  of  transfers  will  so  improve  the  service  as  to 
make  commutation  between  San  Francisco  and  the  East  Bay  more 
attractive.  The  commuting  zone  will  be  extended  farther  into  the 
East  Bay  cities.  Conditions  here  are  somewhat  similar  to  New  York 
and  Queens  before  the  construction  of  the  Queensborough  Bridge. 
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It  must  be  admitted,  however,  that  in  estimating 
interurban  traffic  we  do  not  have  an  index  as  accurate  as  is 
the  gas  consumption  for  vehicular  traffic.  For  this  reason 
we  have  made  our  forecasts  on  a  conservative  basis  and  have 
assumed  only  very  small  increases. 


36. 


37 


o  o 

H   ft, 


■>!•  O  p  O   tO 

CO  co  to  cm  cm 


to  in  to  cm  cm 

N  '.]  N  n  ?j 


CO  CO 

CM    CJ 


tn  p  o  m  co 

1   S   W  rl  H 


CM    CM    CM    CM    CM 


o  o  o  o  o 

CM  CM  CM  cm  CM 


o  o  o  o  o 

CM   CM   CM   CM   CM 


o  o  o  o 

NMMN 


CM  t>  CM  -rji  <J> 
CD  'I  CD  H  O 
CO    O    0>    rH   C- 


CO   O   **    C>    00 

"     O   tO    r-l    CM 

•O    O    rH    O 


8 


CM  CO 
O   «* 


O  O   O   O   O 

o  o  o  o  o 
o  o  o  o  o 


O  p  O  O  p 

O  O   O  Q  O 

o  o  o  o  o 


88888 

o  o  o  o  o 


o  o  o  o 
o  o  o  o 
o  o  o  o 


01 

m 

to 

n 

rO 

m 

■X) 

•# 

H 

■& 

8 

o 

o 

n 

o 

O 

O 

o 

a 

o 

o 

o 

8 

O 

O 

r> 

o 

o  o 

a 

3 

o 

H 

•* 

t> 

to 

n> 

O 

t> 

rH 

cs 

t> 

<  J 

<  i 

I  1 

'  1 

n 

<  > 

H 

cm 

CM 

CJ 

■* 

10 

m 

C  ) 

rH 

CJ 

VI 

<0 

CO 

o 

CM 

<* 

o 

M 

<o 

rH 

m 

<* 

o 

w 

B> 

UJ 

cm 

o 

t> 

-# 

r-l 

co 

IO 

CM 

'J> 

10 

•* 

H 

rjj 

UJ 

M 

CM    CJ    CM    CO   tO  *  ID  CO    O.  O 


O  O    O    rH   CJ 


to  to  t>  co  co 


CO   O  O  r-l    CM 

rH    CM    CM    CM    CM 


co  co  ■*  m 

CM   CM    CM    CM 


O    3 


mcooc       to  o  o  m 


O    CM    r-l    0> 
rH   CO 


•*  cm  tn  to  co 


^  •*  o  to  co 

rlt-f)H 


•O    tO  rH    IO  CO 
CO    tO  CO    <0   r-l 

to  o  o  *  in 


* 

* 

o  o 

•    • 

CO    CM 


CM   O    CM   CO    CO 

•     •      •      •      • 

00   CR   O-   Co   to 


o  o  o  p  p 

o  o  o  o  o 
o  o  o  o  o 


e-  in  co  r-i  o> 
•   •    •    •    • 

•*■*"*    <*  CO 


O  O  O  Q  O 

o  o  o  o  o 
o  o  o  o  o 


co  c-  in  ■*  co 

•    •    •    •    • 

CO  CO  co  to  CO 


o  <3  o  C  o 
o  o  o  o  o 


°8?' 


CM  rH  P  0> 
•     •     •     • 

CO   CO   CO    CM 

8888 

o  o  o  o 


to   CO    ■*   -*   CJ 
t>   CJ   CO  cm  ^* 

o  co  oj  cm  to 


in  o  to 
in  c-  in 


o  o  o  o  m 
o  o  to  <o  cm 
r-t  m  co  co  c- 


o  in  o  o  o 

O    in   rH   tO   rH 

onc-o* 


in  o  o  o  o 

to   CM  00  •*  O 
C-    rH    3"    CO    CM 


in  o  in  o 
in  rH  to  CM 

in  o»  cm  to 


*  *  *  om       co  co  co  co  o>       co  o  o  o  rH       hhmn 


o 

a 

■H 

a) 
p 
E-t 


dl 
o 

S-i 
at 

a. 

s 


r? 

rl 

« 


•rl     (0 

«  o 


co 
a)  a) 


r->  a 
o  a, 

rl 

cd   in 
«   o 

3 


o>  <o  o  tn  co 

CM  *  C-  **  rH 

CO  0>  to  O  o> 

O  IO  CO  CO  lO 

to  <o  c-  o  o 

CM  CM  co  in  to 


O  O  CM  to  rH 

o  co  h  in  o 

cm  rH  in  CO  *)< 

CJ>  CO  **  lO    rH 

rH  CM  in  CO    0> 


8 


o  m 


O  CM 

O  to 

o  o 

c-  •* 

co  co 


o  o>  o-  C- 

o»  •&  to  to 

in  o  o>  t> 


cm  to  to  m 

rH  CO    ■*   tO 


in  co  p  o 

■c  -o  ^  -o 
tn  to  to  tn 

0»  rH  O    to 
**    O    rH    d> 

rH    CM   rH 


m  co 
to  tO 

CO  M 

tj<  in 
co  o 
to  co 


to  m 
cm  co 

in  si 


3 


CM  C»  H 

co  to  in 

rH    CO    0> 

rH    CM   CO 

o  in  a» 

rH    CM   CO 


•o 

c- 

* 

rH 

N 

r- 

N 

in 

at 

tO 

CM 

ul 

8 

01 

o 

CM 

SO 
CM 
rH    t* 

tO    tl" 
O   to 

tn  in 


O   CO 


3| 

o 

i»H 

H,  mi 

o   u 

■H    -r) 

a  E.to 
B  o  o> 

JIOH 

O 

V,      .     I 

d '«  - 

H,       'O 

•  I  CM 

Vi'ptJ  o. 

O  -H 

a 

•  -o 

CI    (h 

rH      O 

3    o 

o   »; 


1?, 


_  « 

6=  to 

•a  0 

<t>  fti 

3  « 


3 


•0 

a 

0) 

« 

0 

«-' 

(H 

3 

01 

«< 

CM  IN  CtJ  *  0» 

GO  ^*  CO  CM  tO 

CO  O  01  rH  tN 

•  --•.» 

co  co  to  o  to 

O  rH  "*  O  tO 

tO  CO  C-  CJ  5f 

N  CM  N  CO  CO 


*t  cm  in  to  co 

01  co  *  to  o 

cm  c>  tn  en  o» 

to  co  ■*  -*  0 

O  CM  CO  CM    "* 


O  rH   CM   CO   ^1 

CM    CM    CJ    CM    CM 
O    Q.    CO    CO    CO 


O  O  CO   tO  c- 

C0   CM   rH    »    d> 
rH  rH   CO   rH   CO 

m 
•-t 
00 

•    -    -    -    » 
to  to  to  to  to 


r-t  m 

CO    CO    CO 


W   CM  CO  -f    t> 

to  co  n  co  r-i 

CO    CR  ^C  rH    tO 

CO    CM  P  CJ  CN 

tn  to  00  co  o 

rH   CM  CM  CM   CO 


o  m 

m  co 

o  o 

m  ^ 

CM  *t 

rH  O 


CO   r-i 
t>    P- 


tO  CO 
C-   CO 


S   CO 
o»  CO 


cm  co  "f  in  to 

CO  CO  co  to  CO 

O*  CO  Co  en  co 

r-<  r-l  r-i  r-t  r-i 


3 

I 

p 
o 

C4 


to  to  CO  *&  5 
CO  00  00  0*  o* 

r-t    r-i    r-i    •-!    <-\ 


cm  co  j;  in  5 

ff    ^1    ^t    -^t    -£  ^p 


co  c*  co  o*  co 

rH    rH   r^   r-l    r^ 


if   t)>  lO 


»   CO  CO   0» 


38 


JOQNOm/U/ 

5 8 


S. 


§ 


Qho/UJA  *J0  GNO/77/W 


3 


0&/  O/Gf 

-39- 


\^ 


f: 
O 
© 

o 


o 

cv 


»nt-  CV  O  Ht- 
•     «•••• 

\0  H  encn-3-r-- 


OvO  mtO 

•     •     •    • 


g 

o 

w 

CO 
CQ 

«3 

P-. 

§ 
H 


H 
en 

o 


1^ 

<! 
CO. 

CQ 


o 
cv 
o 

H 

CO 
< 

s 

c3 

o 
o 

CO 
HI 

o 


o 


§ 


CO 


.  J5 
O  1x1 
O  H 
W  !£ 

PQ 


H  ra 

o  p 
© 
Id 


E 

m 
•  w 

CO  H 
ctf 

o 

o 


g 

a.  © 

•  § 
to  ej 


& 

cti 

.id 

cd  h 
O  © 


CO 


•H 

a. 


OtO  C-mH 
HHtOtO  o 
C0-+CV  OO 

«S       •*       •*       «\       *> 

tO  t-  CM>  m 
H  -^-£-<ncn 

NOtOtOOMA 

*V      #4      *N      «N      «, 

£"-vO  vO  to  O 
Cn  cn  cn  cn  <<\ 


£-  cnV\--*CV  cnH 

omcnvO  cn-4-tO 
O  O  t>tO\Q  Ov\ 

•V       #W       «\       •»       «\       *i       *i 

£-  CVO  CVOC-cn 
to  CV  vO  -3"  cn  O  •< 

•\       •*       *\       •*       *       •»       #\ 

Ot-vO  <n-*CV  O 
en  <n  cn  cn  «n  cn  (n 


vO  -^ttO  tO  OHOOOiA(Mn 
OCVMCVmtHCnHNQtOCVcn 
Ovo  vn  O  l>  cn  h  ^n  -3-sO  in  »* 

O  to  O  -*vQvO  »n-sJ-0  OH  £- 
OvO«£>  CV  -3"2>-  -^-^VMTAt^-  >n 

rtHHHHHHrld 


CVt-t-HO 
cnOC--<}-H 
OH  invO  «n 

tO  *nOcnH 
»TiH  CV  CV  m 

Ot0l>c>-0 


O-^S-T* 

cv  cvm 

•>    •>    ■» 

to  even 
ototo 


H>A^O 
>HOiA 
cnOOr- 

•>    •,    «\    », 

O  OH  O 

CV  OtO  t- 
vO  t-mCV 


\0  >A>AlAS|-^s|-^-^-^s)-sJ- 


U-VvO  tOCn»nt>CVOCVOOtO 

OtO»nr-cnOvOcnent-cn-Jr 

cv  o  w\\o  -^to  t-  in  o  r-  c~  -t 

C-  OvO  -4"tO  t-4  OsO  to  o  to  O 
OW-^O  w\-*£-H  c^O«0  Oi 

vO  »T\  VT»vO  vOC-vOWMA't^CVi 


CQ 

S3 
W 
CQ 
CO 
< 

a, 
I 

H 

<4 


CQ 

g 

0) 


H 
(4 

-P 
0 
EH 


© 

m 

cv! 


V^ 


o 

© 

» 

o 


-P 
O 
Eh 


o!  © 

°:| 

CO 


o  c-  to  to  <n  o^  h  cf>vnv\-4-t«\ 

C^H  UAt-  OtO  t~  VNtOlArllA 

-^■tOvO  H  w^^O  w^vO  intOvO  c- 

Oi  -<fO  O  -^-HtO  -*H  c^vO  c-l 
V\  K\\0  vO  to  to  -^t-  to  CV  O  C- 
vOvOvO  C-  Oi  ~4"OCN2  OO^'to 

(>tO«)Ortr|tOtO^>AsrH 


o-<- 


o  ia 


ir\c^v 

CVvO 


C^\ 

CV 


• 


O  -<tHC^C\JvOtOtOH  cnnw 
CV  C  £-  OOtOrlrl  CV  CV  Z>  jv. 
vO  -<iT^HsO  VMfACM>  CVvO  H 

<n  t>-  iH  cv  to  -<tvo  <n  to  ~<rto  c> 
noto  cv  -3-cm>  cn<rwo  ~4"ir\ 

OtOC^tOt-vOvOvOirvTi-^-^ 

NHHrlHrlHHHrlHH 


-^•OC^CACAOtO  CVC^lfMrit- 

C>-  ir\  o  »A  -<ftO  -<tt-  CV  m  O  h 

■^tO v0»r\CfM>-v}-c-c-O]>-  -<t 
OHvOt-tvinvi-ovOcncnH 

CVCVCVCVCVCVCVHHHh 


S  I>-H-<tcnvOO^HtO  cr\OtO 

©  \OHNs(-oif\fnc<M>>rv«)^ 

+>  vO  vO  vO  nO  CV  to  CO  C^  O  CV  t-  O^ 

CQ  •>«t«\<k<k<ka«««n«««W<« 

S  Wf^Hif\(>-^0|Afr\OWMA 

CQ  vO  CMf\tO  £-  -<tcv  ^nHH  >n 

OO  mvO  VOCV  C-OcnOvOvO 

©  iaumavo  t>  t-  vn\0  vn-^-^cn 

M  rt  rt  r-i  r-i  rl  rt  r-l  H  r-i  r-l  H  r-1 


© 

CQ 


r-H  OH  HH»rv-<i-t-0  OvO 
t>  O  -4-sOvO  tO  C^iOtO  C~-  H  o 
to  O  cnvo  CV  C-  O  H  -^vO  v£>  o 

tO  tO  lf\vQ  »T\vO  CVvO  H  -*H  -4- 

mto  H  ><M>-  c-  en  cv  c-  cv  h  ~^- 

HHHHHHHHHHHh 


U  O  H  CV  <n-3-u\\D  t>to  OO  H 

«o  cv  cv  cv  cv  cv  cv  cv  cv  cv  cv  en  en 

©  oooooooooooo^ 

>H  HHHHHHHHHHHH 


u  oh  cvcn-3-vrwo  c-to  oo  h 

a  cv  cv  cv  cv  cv  cv  cv  cv  cv  cv  en  m 

©  O  OOO  O  0s  O  O  O  O  O  CJv 

M  Hr-{HH  HHHHHHH  H 


A0 


TABLE  V 
ESTIMATE  OF  FUTURE  TRANSBAY  RAIL  PASSENGER  TRAFFIC 


1 

No. of  Passengers   Annual  Incr.  Per  Cauita 


Population 
S.F.&  Ala.  Cos. 


1932 

30,000,000 

1933 

32,000,000 

1934 

32,000,000 

1935 

32,000,000 

1936 

32,000,000 

Stimulus 

M 

1937 

35,640,000 

1938 

35,850,000 

1939 

36,000,000 

1940 

36,150,000 

1941 

36,300,000 

1942 

36,485,000 

1943 

36,635,000 

1944 

36,865,000 

1945 

37,160,000 

1946 

37,536,000 

1947 

38,074,000 

1948 

38,600,000 

1949 

39,300,000 

1950 

40,000,000 

.00 
6.66 
.00 
.00 
.00 

8.00 
.6 

.4 

.4 

.4 

.5 

.5 

.6 

.8 
1.1 
1.2 

1.4 
1.8 
1.8 


26.0 
26.7 
26.1 

25.5 

25.0 

27.0 

26.5 

26.0 

25.5 

25.0 

24.6 

24.2 

23.85 

23.55 

23.3 

23.15 

23.0 

23.0 

23.0 


1,165,500 
1,194,700 
1,224,700 
1,255,600 
1,287,400 

1,320,000 
1,353,400 
1,387,800 
1,423,000 
1,452,700 
1,483,100 
1,514,000 
1,545,700 
1,578,000 
1,611,000 
1,644,700 
1,679,100 
1,714,200 
1,750,000 
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TABLE  VI 

PASSEMJBR  TRAFFIC 
SAM  FRANCISCO-EAST  BAY 


Year 


Trans bay 
Rail 


Vehicular 


Total 


Incr.  Deer, 


Trips  Per  Cap, 
S.F.&  Alameda 
Cos* 


1920  39,653,420 

1921  38,654,322 

1922  38,660,658 

1923  40,760,178 

1924  41,284,593 

1925  41,481,683 

1926  38,948,571 

1927  38,274,653 

1928  36,981,585 

1929  35,923,855 

1930  34,406,614 

1931  31,872,753 


2,609,982 
2,818,047 
2,764,982 
3,270,124 
3,463,769 

4,085,509 
6,706,670 
8,274,764 
9,611,117 

10,174,028 

10,588,020 
10,470,439 


42,263,412 
41,472,869 
41,425,640 
44,030,302 
44,748,362 

45,567,192 
45,655,241 
46,549,417 
46,592,702 
46,097,883 

44,994,634 
42,343,192 


6.3 
1.6 

1.3 
0.9 
2.0 
0.1 


1.9 
0.1 


1.1 

2.4 
5.9 


49.7 
47.5 
46.2 
47.8 
47.3 

47.3 
46.1 

45.4 
44*4 
42.5 

40.4 
37.3 


Estimated 

1932  30,000,000 

1933  32,000,000 

1934  32,000,000 

1935  32,000,000 

1936  32,000,000 

Bridge  Opening 

1937  35,640,000 

1938  35,850,000 

1939  36,000,000 

1940  36,150,000 

1941  36,300,000 

1942  36,485,000 

1943  36,635,000 

1944  36,865,000 

1945  37,160,000 

1946  37,536,000 

1947  38,074,000 

1948  38,600,000 

1949  39,300,000 

1950  40,000,000 


10,000,000 
10,200,000 
10,700,000 
11,500,000 
12,200,000 


16,000,000 
16,710,000 
17,420,000 
18,120,000 
18,820,000 

19,530,000 
20,240,000 
20,960,000 
21,680,000 
22,400,000 

23,110,000 
23,820,000 
24,530,000 
25,240,000 


40,000,000 
42,200,000 
42,700,000 
43,500,000 

44,200,000 


51,640,000 
52,560,000 
53,420,000 

54,270,000 
55,120,000 


56,015,000 
56,375,000 
57,325,000 
58,840,000 


56,375,C 
57,325,0uu 
58,840,000 
59,936,000 


61,184,000 
62,420,000 
63,830,000 
65,240,000 


5.5 

34.4 

5.5 

35.0 

1.2 

34.3 

1.9 

34.6 

1.6 

34.4 

39.0 

1.3 

39.0 

1.65 

38.4 

1.6 

33.0 

1.5 

38.0 

1.6 

37.3 

1.5 

37.6 

1.7 

37.5 

1.77 

37.4 

1.86 

37.2 

2.0 

37.2 

2.0 

37.2 

2.2 

37.2 

2.2 

37.2 
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SECTION  HI 

Tolls,  Income  Prediction, 
And 
Plan  of  Amortization 


SECTION  VII. 
financial 

Estimates  are  made  of  the  proposed  bridge,  based  on 
the  present  vehicular  tolls,  modified  as  traffic  increases. 

For  comparison  of  operating  charges,  the  structure  most 
nearly  comparable  to  the  one  under  consideration  is  the  Delaware 
Bridge  between  Philadelphia  and  Camden.  This  project  will  be 
longer  and  the  maintenance  expense  somewhat  larger.  There  are 
some  compensating  expenses,  such  as  no  snow,  so  that  the  clean- 
ing will  be  smaller;  and  policing  will  be  a  State  function.  Copy 
of  the  Delaware  Bridge  operating  costs  for  the  years  1927  to 
1931  follows: 

\  m[        ,   ,       "l?pera"ti'ri^"ITosts  DerawalFeH-^Hclge 

1927     1938     1929     1930     1931 

Salaries  |265,302  $298,044  |312,314  $325,166  $332,401 

Equipment  19,514  5,313  16,024  19,479  3,813 

Supplies  14,144  19,757  17,453  19,490  13,165 

Repairs  3,961  8,782  11,809  90,290  26,376 

Miscellaneous  43,757  46,694  40.923  46,172  55,101 

|346,678  |378,590  $398,523  1500,597  |430,856 

Division  of  Salary  Item 

Toll  Collection  $  72,500  $  74,500  |  77,600  $  84,000  $111,900 

Police  103,300  104,300  109,500  112,000  142,900 

Legal  4,160  18,900  19,200  19,500  19,700 

Administration  24,300  26,100  26,400  26,500  35,400 

Maintenance:  __  ,^  nrsts 

Engineering  7,640  10,200  8,800  8,500  10,700 

Maintenance  30,200  38,600  44,400  45,600  71,500 

Street  Cleaning  23.202  25,444  26,414  29,066  38,756 

|a65,302  |298,044  $312,314  |325,166  |430,856 
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Estimate  of  Operating  Expense  San  Francisco-Oakland  Bay  Bridge 

Administration 

General  Manager  |15,000 

Chief  Engineer  .  .  .  .  12,000 

Legal 10,000 

Auditing  and  Accounting 15,000 

Secretary 3,600 

Clerical     10,000 

General  Office  Expense     19.400      $  85,000 

Insurance 

§0$  z  $50,000,000, 

{40,000,000  at  60^     .   240,000 

Operating 

Toll  Superintendents  4  at  |3,000  $12,000 
Toll  Collectors  .  .  30. at  f 1,800  54,000 
Police  (Assumed  State  Police)  66,000 

Maintenance 

Payroll  $30,000 

Supplies     30,000  60,000 

Lights  and  Fuel 30,000 

Miscellaneous  .   19.000 

TOTAL  ESTIMATED  COST  -  1ST  XEAR  $500,000 

Increasing  |10,000  per  year. 

We  believe  that  the  allowance  for  operating  expenses  is  liberal. 

Tolls  and  Income 

The  auto  ferries  of  the  Southern  Pacific -Golden  Gate 
Ferries  Co.,  Ltd.,  transport  all  vehicular  traffic  across  the 
San  Francisco  Bay. 
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The  present  tolls  are: 

Automobiles  -  one  way  |0.60 

Auto  with  trailer j  extra  0.50 

Passengers  in  vehicles,  each  0.05 

Trucks,  less  than  4000  lbs.  0.75 

Trucks,  4000  to  8000  lbs.  1.25 

Trucks,  over  8000  lbs.  1.40 

Truck  with  trailer,  extra  0.75 

Their  average  receipt,  deduced  from  the  1931  operat- 
ing statement,  indicates  f 0.843  per  vehicle  carried. 

The  average  tolls  figured  in  our  estimates  of  earn- 
ings are  based  on  the  following: 

Rate  AmounT~Hate~Amount  Rate  Amount 

Autos  (86$)  .60  .5160  .50  .4300  .40  .3440 

Trucks  (13$)  1.05  .1355  .95  .1235  .80  .1040 

Busses  (  lf>)  1.25  .0125  1.05  .0105  .90  .0090 

Passengers  .05  .0860  .05  .0860  .025.0430 

Average  amount      .75        .65        .50 

The  following  Tables  H  and  X,  pages  48  and  49,  show 
the  estimated  earnings  of  the  proposed  bridge,  based  on  the 
vehicular  and  rail  traffic,  listed  in  Tables  II  and  ?,  pages 
38  and  41,  and  the  operating  and  toll  charges  as  above  listed. 

The  proposed  vehicular  toll  rates  have  been  period- 
ically reduced  from  the  present  60^  per  auto,  to  50^  and  later 
to  40«(,  consistent  with  the  increase  of  traffic,  to  bring  the 
period  of  redemption  to  approximately  30  years. 

These  tables  make  no  allowance  for  the  increases  in 
traffic  after  1950.  Such  increases  as  will  inevitably  occur 
may  be  offset  by  a  reduction  in  tolls  to  rates  below  those 
tabulated. 
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Estimates  of  revenue  from  the  interurban  service  has 
been  based  at  one  cent  per  interuban  passenger,  a  very  low 
rate  when  the  extensive  facilities  involved  for  such  service 
is  considered. 

Table  II,  page  48,  has  been  prepared  on  the  basis  of 
a  total  capitalization  of  $65,000,000,  which  from  Table  XXXYII, 
pages  94  and  95,  represents  the  charges  during  the  construction 
period  of  $58,000,000,  as  shown  by  Table  XI,  page  62,  plus 
interest  charges  of  $7,000,000.  This  provides  for  the  structure 
complete  in  all  respects  except  for  the  interurban  tracks, 
signals,  and  overhead  construction.  Provision  is  made  so  that 
these  facilities  may  be  added  at  a  later  date.  Table  IX,  page 
48,  shows  the  estimated  interest,  operating  and  maintenance 
charges,  the  detail  of  income  annual  balances  and  bond  redemp- 
tion. It  should  be  noted  that  the  income  is  based  on  only  75$ 
of  the  transbay  vehicular  traffic  shown  by  Table  II,  page  38, 
and  includes  no  earnings  from  interurban  passengers. 

Table  X,  page  49,  has  been  prepared  on  the  basis  of 
a  total  capitalization  of  $75,000,000,  which  from  Table  XXXVTII, 
pages  96  and  97,  represents  charges  before  interest  of  $67,000,000 
plus  interest  charges  during  the  construction  period  of  $8,000,000. 
This  provides,  in  addition  to  the  structure  proper,  the  items 
estimated  in  Table  XXXI  on  page  83  for  the  installation  of  all 
interurban  facilities,  the  construction  including  property  of 
the  interurban  loop  and  station  in  San  Irancisco,  and  certain 
charges  and  additions  to  operating  equipment.  As  before  the 
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table  has  been  extended  to  show  the  financial  details  during 
amortization  period.  In  this  table,  the  estimates  of  revenues 
have  been  based  on  the  total  transbay  vehicular  traffic  shown 
by  Table  II,  page  38,  and  one  cent  per  interurban  passenger  on 
the  volume  shown  by  Table  V,  page  41. 

Both  Tables  IX  and  1  are  based  on  an  interest  rate 
of  five  per  cent  per  annum. 
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section  nn. 

Design  of  the  Project 

(a)  Preliminary  and  General 

The  "Hoover-Young  Commission",  at  its  first  meeting  in 
October  1929  requested  the  Department  of  Public  Works  to  make 
preliminary  foundation  borings  on  five  different  general  bridge 
center  lines  across  the  Bay,  these  five  center  lines  being 
possible  locations  for  a  bridge.  The  Commission  further  re- 
quested preliminary  cost  estimates  and  designs  on  these  locations, 
together  with  traffic  survey  and  probable  income.  The  Department 
of  Public  forks,  through  the  bridge  department  of  the  Division  of 
Highways,  working  under  funds  supplied  by  the  State,  the  County 
of  San  Irancisco  and  City  of  Oakland,  forthwith  proceeded  with 
the  Commission's  request.  As  a  result,  borings  were  made  on 
five  different  center  lines,  and  designs  and  estimates  were  com- 
pleted, including  a  tube  structure.  This  data  was  submitted  to 
the  Commission  in  July,  1930,  and  forms  a  major  part  of  the 
Hoover- Young  Beport,  a  copy  of  which  accompanies  this  report. 

The  preliminary  borings  established  the  fact  that  only 
on  one  center  line  could  proper  foundation  conditions  be  reached 
at  reasonable  depths.  Fortunately  this  line  proved  to  be  the 
best  also  from  a  traffic  carrying  and  traffic  distributing  point 
of  view,  as  well  as  the  least  expensive.  Reference  is  made  to 
the  Hoover-Young  Report  for  full  data. 

Acting  on  the  Hoover- Young  Report,  the  1931  Legislature 
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advanced  a  sum  of  f 650, 000  to  cover  the  expense  of  additional 
final  borings,  plans  and  estimates.  This  legislation  became 
effective  in  August  1931.  Immediately  thereafter  an  engineering 
organization  was  formed  with  offices  at  500  Sansome  Street,  San 
Francisco,  and  a  Consulting  Board  of  Engineers  was  appointed. 

Contracts  were  let  for  final  foundation  borings  over 
the  full  length  of  the  adopted  bridge  center  line.  These  borings 
were  very  exhaustive  and  complete  in  their  character.  The  exact 
depths  to  suitable  foundation  material  were  established  by 
numerous  borings  at  each  pier  site  and  exhaustive  studies  were 
made  of  the  overlying  material. 

Mr.  Daniel  E.  Mo ran,  expert  on  foundations  and  Member 
of  the  Consulting  Board,  in  commenting  on  the  adequacy  of  these 
borings  stated:  "In  my  experience  on  similar  work,  I  have  never 
before  known  of  such  a  complete  and  satisfactory  investigation 
prior  to  the  design  of  bridge  foundations". 

The  problem  confronted  by  the  engineers  in  arriving 
at  the  best  and  most  economic  bridge  structure  to  span  San  Fran- 
cisco Bay  was  truly  great  in  extent  and  in  many  respects  unpar- 
alleled in  former  experience.  This  bridge  spans  the  widest 
expanse  of  major  navigable  water  yet  bridged.  Many  forms  and 
types  of  structure  were  possible,  and  it  was  necessary  to  make 
accurate  designs  and  estimates  of  each  possibility  and,  by  the 
processes  of  comparison  and  elimination,  arrive  at  the  best  and 
most  economic  plan  for  the  final  design. 

The  superstructure  over  the  west  channel  spans  over 
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8000  feet  of  navigable  water,  ranging  in  depth  from  60  to  105 
feet,  with  a  primary  consideration  that  the  least  possible 
obstruction  both  horizontally  and  vertically  should  be  main- 
tained, not  only  permanently,  but  also  during  construction.  The 
use  of  any  form  of  falsework  during  construction  was  very  hazard- 
ous and  undesirable.  This,  with  other  primary  considerations, 
led  to  the  rejection  of  the  original  cantilever  design,  submitted 
in  the  Hoover-Young  Report  and  approved  by  the  Department  of  War, 
and  to  the  selection  of  the  suspension  design  submitted  in  this 
report.  It  was  found  desirable  and  more  economical  in  cost,  and 
to  materially  increase  the  clear  horizontal  navigation  clearances. 
This  change  was,  of  course,  much  to  be  desired  by  the  War  Depart- 
ment, and  has  been  approved  by  that  department. 

(b)  Roadway  and  Design  Loads 

As  a  result  of  exhaustive  study,  the  design  submitted 
in  this  report  (Drawing  II,  page  112)  was  adopted  and  has  been 
approved  by  the  Board  of  Consulting  Engineers. 

The  structure  is  of  the  double  deck  type.  The  upper 
deck  provides  for  6  lanes  of  fast  traffic  over  a  roadway  58  feet 
in  width  between  curbs.  Extremely  heavy  trucks  will  be  excluded 
from  the  upper  deck,  which  is  designed  to  carry  a  continuous 
congested  load  of  12§-ton  vehicles  with  an  occasional  maximum  of 
15-ton  vehicles. 

The  lower  deck  carries  a  three-lane  roadway  for  extreme- 
ly heavy  trucks,  and  stages,  up  to  40-ton  vehicles. 


In  addition  to  the  30-foot  truck  roadway,   the  lower 
deck  provides  space  which  can  be  used  to  carry  two  interurban 
tracks  designed  to  support  continuous  trains  of  70-ton  cars, 
or  for  additional  motor  traffic  lanes. 

(c)  Earthquake  Provision 

The  entire  structure  is  designed  to  carry,  in  addition 
to  the  dead  load,  a  uniform  live  load  of  7000  pounds  per  lineal 
foot.  Particular  attention  is  given  to  the  effect  of  earthquake 
shock.  The  great  importance  of  safety  and  stability  required  in 
this  structure  led  to  the  use  of  precautions  far  exceeding  any 
so  far  considered  in  building  construction  in  the  Bay  district. 

Earthquake  forces  equivalent  in  effect  to  7i$  of  the 
acceleration  of  gravity  have  been  used  throughout  the  structure. 
The  maximum  effect  which  has  been  used  in  the  most  modern 
buildings  in  San  Iranciseo  is  equivalent  to  an  acceleration  of 
4$  of  gravity.  Substantially,  the  bridge  has  been  designed  to 
withstand  twice  the  intensity  of  earthquake  shock  provided  for 
in  the  most  modern  office  buildings  in  San  Iraneisco. 

(d)  Foundations 

All  piers  in  the  west  channel  are  carried  to  solid  rock 
composed  largely  of  sandstone.  Pier  E-2  in  the  East  Bay  is 
founded  on  sandstone,  and  piers  E-3,  E-4  and  E-5  are  founded  on 
deep  sand  strata.  Piers  E-6  to  E-31,  inclusive,  are  founded  on 
piles  driven  into  very  sandy  clay  beds. 

The  general  design  of  piers  in  the  West  Bay  comprises 
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cellular  concrete  and  steel  caissons  sunk  by  the  open  dredging 
process.  The  general  plan  of  Pier  3,  which  may  be  considered 
as  typical,  is  shown  on  Drawing  H,  page  121. 

Tor  the  deep  piers,  a  plan  has  been  developed  which 
reduces  hazards  of  handling  floating  and  sinking  to  a  minimum. 
Fortunately,  the  material  through  which  these  large  caissons  must 
be  sunk  to  proper  foundations  is  very  homogeneous  in  character, 
being  in  all  cases  either  clay  or  sandy  clay.  The  probability  of 
tilting  or  of  any  considerable  movement  of  caissons  out  of  line 
is  reduced  to  a  minimum. 

All  foundations  are  designed  to  withstand  forces  induced 
by  an  acceleration  of  7-J$  of  gravity  in  combination  with  the  direct 
forces  of  load,  wind,  and  tidal  currents. 

(e)  Superstructure 

The  final  design  of  the  superstructure  for  the  West  Bay 
comprises  twin  suspension  structures  of  the  spans  show  on 
Drawing  II,  page  112. 

The  San  Irancisco  Anehorage  is  founded  on  rock  above 
ordinary  groundwater  level. 

The  Center  Anchorage  (Pier  4)  is  a  liveload  anchorage 
only,  the  dead  load  reactions  being  balanced  in  either  direction 
on  account  of  the  symmetry  of  the  structure  in  either  direction. 

The  Yerba  Buena  Island  Anchorage  is  a  combination  tunnel 
and  gravity  anehor  set  deep  into  the  solid  sandstone  formation  of 
the  island.  The  effect  of  full  unbalanced  live  load  on  either 
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span  is  taken  care  of  in  the  Center  Anchorage  and  deflection 
computations. 

The  general  design  of  the  suspension  spans  is  based  on 
the  "deflection  theory*,  and  takes  advantage  of  all  of  the  econ- 
omies of  that  theory  for  both  vertical  and  lateral  forces. 

The  major  stresses  and  deflections  have  been  cheeked 
and  verified  by  means  of  structural  models  at  the  University  of 
California. 

The  final  design  of  the  east  channel  superstructure 
comprises  of  1400-foot  cantilever  span  with  a  series  of  509-foot 
and  291-foot  simple  spans,  as  shown. 

The  same  stress  considerations  have  been  carried  through 
this  portion  of  the  structure,  as  in  the  West  Bay. 

Silicon  and  nickel  steels  have  been  used  in  all  por- 
tions of  the  structure  where  such  steels  show  economy.  Roadway 
floors  are  of  concrete  and  steel. 

The  entire  structure,  with  the  exceptions  of  the  timber 
cushions  of  the  pier  fenders  and  the  foundation  piles  in  the  East 
Bay,  is  of  concrete  and  steel  and  is  fireproof  throughout. 

(f)  Pier  Fenders 

Pier  fenders  for  the  protection  of  shipping  and  the 
piers  are  provided.  Extensive  computations  disclose  that  the 
piers  have  such  great  dimensions  and  mass  that  the  force  of  a 
colliding  ship  would  have  no  effect  on  the  stability  of  any  of 
the  piers  in  the  harbor.  The  fenders  are,  in  consequence,  con- 
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nected  directly  to  the  piers  as  shown  and  are  designed  to  cushion 
the  impact  of  the  largest  ships.  Timber  cushions  are  provided  to 
take  the  first  impact  of  large  ships  and  to  fully  resist  impacts 
of  the  smaller  boats. 

These  fenders  have  been  approved  by  the  Army  Engineers 
and  by  shipping  interests. 

(g)  Island  Construction 

The  portion  of  this  project  crossing  Yerba  Buena  Island 
comprises  a  tunnel  under  the  crest  of  the  island  and  a  steel 
viaduct  from  the  east  tunnel  portal  to  the  main  cantilever  off 
Army  Point. 

The  tunnel  section  accommodates  the  same  roadway 
facilities  as  the  bridge.  The  entire  cross -sectional  bore  is 
through  sandstone.  The  tunnel  will  be  lined  with  concrete,  but 
will  not  require  ventilation  because  of  its  short  length  and 
prevailing  winds. 

A  general  cross-section  of  the  tunnel  is  shown  on 
Drawing  VII,  page  117. 

(h)  Traffic  Capacity 

The  roadway  cross -sect ion  adopted  in  the  final  design 
is  described  under  "Design" ,  and  is  shown  on  Drawing  V,  page  115. 

In  designing  the  proper  roadway  requirements  of  a  pro- 
ject such  as  this  many  conditions  must  be  considered. 

The  roadway  must  be  of  sufficient  traffic  capacity  to 
carry  v/ithout  undue  congestion  the  maximum  peak  traffic  which 
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may  occur  during  a  reasonable  life  period  of  the  bridge,  and 
particularly  in  this  case,  as  only  one  crossing  will  be  permitted 
within  many  miles  of  the  selected  site  by  the  Department  of  War. 

It  will  be  noted  in  studying  the  traffic  estimates  upon 
which  financial  income  is  based  that  the  traffic  so  estimated  is 
much  less  than  the  capacity  of  the  bridge.  This  is  done  for 
several  reasons. 

1.  Our  traffic  estimates  are  ultra-conservative.  We  have  every 
reason,  from  the  experience  of  other  similar  traffic  situations 
such  as  the  Philadelphia  Camden  Bridge  and  the  Hudson  Tube,  to 
believe  that  our  predicted  traffic  Curves  for  income  will  be 
greatly  exceeded  in  fact.  Reference  is  made  to  curves  compar- 
ing predicted  traffic  on  this  project  with  that  actually  exper- 
ienced on  the  Philadelphia  Camden  Bridge  and  the  Hudson  Tube, 
Plate  I,  page  39. 

It  will  be  noted  that  the  income  traffic  curves  are 
gradually  increased  to  a  maximum  of  12,620,000  cars  in  1950, 
and  thereafter  carried  at  no  increase.  This  is  done  to  be 
ultra-conservative,  and  because  of  the  uncertainty  of  predict- 
ing too  far  into  the  future. 

As  above  stated,  there  are  many  well  grounded  reasons 
for  believing  that  not  only  will  the  traffic  prior  to  1950 
greatly  exceed  the  financial  prediction,  but  that  thereafter 
the  traffic  will  continue  to  increase  with  the  population. 

Based  on  conservative  population  increases,  it  is 
estimated  that  30,000,000  cars  may  be  expected  to  cross  the 
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designed  is  computed  as  follows: 

Upper  Deck  at  Peak  Hour 

66-2/3$  on  4  traffic  lanes  at  2,000  ears  per  hour   8,000 

33-1/3$  on  2  traffic  lanes  at  2,000  cars  per  hour   4.000 

Total  cars  per  hour 12,000 

Total  ears  per  year 24,000,000 

Lower  Deck 

Truck  and  Stage  Traffic  -  2  main  traffic  lanes  with  passing  lane 

2  traffic  lanes  at  2,000  vehicles  per  hour    4,000 

Total  cars  per  hour 4,000 

Total  cars  per  year 6,000,000 

Total  vehicles  for  Upper  and  Lower  Deck  per  year 

30,000,000 

(i)  Approaches 

The  approaches  to  the  main  bridge  at  either  end  are  so 
designed  in  roadway  capacity  that  the  roadway  cross-sections  of 
exits  and  entrances  in  their  ultimate  development  will  equal 
approximately  1-1/2  times  the  roadway  capacity  of  the  bridge. 

( J )  Interurban  Lines 

Two  tracks  are  provided  over  the  bridge  with  frequent 
crossovers  for  passing  in  case  of  derailment  or  breakdown. 

With  safe  train  headways,  these  two  tracks  would  have 
an  annual  capacity  of  over  50,000,000  train  passengers  per  year. 
This  capacity  will  amply  take  care  of  any  reasonable  future  de- 
velopment in  interurban  travel  which  is  anticipated. 
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SECTION  IX 


Cost  of  Project 


SECTION  K. 
Estimated  Cost  of  Project 

Estimates  are  based  on  quantities  taken  from  Contract 
Draw  ings . 

The  unit  prices  which  we  have  applied  to  these  quan- 
tities have  been  chosen  after  a  full  analysis  of  materials, 
equipment,  and  labor  involved,  and  comparison  with  the  recent 
bids  on  similar  work.  These  estimates  have  been  submitted  to 
the  Consulting  Board,  and  have  been  approved  by  them.  In  addi- 
tion, these  estimates  have  been  checked  by  contractors  who  will 
bid  on  the  work.  It  is  our  opinion  that  they  are,  in  all  cases, 
conservative. 

The  estimates  for  the  interurban  construction  were 
made  by  Mr.  H.  G.  Butler,  a  Consulting  Engineer  retained  by  the 
two  Interurban  Companies. 

The  property  takings  on  the  San  Francisco  Approach  have 
been  appraised  by  Philip  P.  Paschel,  the  leading  real  estate 
appraisal  espert  in  San  Francisco. 

Our  plans  for  the  approaches  in  Oakland  contemplate 
that  these  improvements  will  be  financed  as  part  of  the  State 
Highway  System.  Therefore  no  allowance  has  been  made  for  these 
approaches  in  the  general  estimate  for  the  project.  Our  estimates 
of  construction  and  also  of  property  damages  and  right  of  way  for 
these  approaches  are  attached.  (See  Table  VII,  page  88). 

Estimates  have  been  made  under  two  general  headings. 
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One  covers  all  financial  charges  necessary  to  build  the  bridge 
complete  for  automobile  service,  and  amounts  in  total  to 
$65,000,000.  The  second  estimate  covers  all  financial  eharges 
necessary  to  build  the  structure  complete  for  automobile  and 
all  auxiliary  construction  for  interurban  service,  and  amounts 
in  total  to  $75,000,000.   The  necessary  financial  requirements 
during  construction  are  shown  by  monthly  periods  on  the 
Financing  Schedules,  pages  94  to  97.  A  plan  of  amortization 
is  listed  on  Tables  IX  and  X,  last  column,  pages  48  and  49. 
Cost  of  right  of  way  is  listed  in  detail  on  pages  76  to  81, 
inclusive.  Construction  Costs  are  shown  on  pages  62  to  75, 
inclusive. 

Total  costs,  including  financing  charges,  are  shown 
for  a  bridge  for  vehicular  traffic  only  on  pages  94  and  95.  Total 
costs  including  financing  charges  are  shown,  for  a  bridge  for 
both  vehicular  and  interurban  electric  trains,  on  pages  96  and  97. 
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TABLE  XI 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


SUMMARY  OF  ENGINEERS  ESTIMATES 


Piers  E2  to  E5 
Piers  E6  to  E22 


Contract        Description 
No. 

2  Substructure  -  Yfest  Bay 

3  San  Francisco  Anchorage 

4  Substructure  -  East  Bay, 
4-A  Substructure  -  East  Bay, 

5  Yerba  Buena  Crossing 

5-A  Mole  Construction  -  Sand  Fill 

5-B  Mole  Construction  -  Wall 

6  Superstructure  except  Cables,  West  Bay 
6-A  Cables  and  Attachments,  West  Bay 

7  Superstructure  -  East  Bay 

8  Completion  of  Center  Anchorage 

9  Demolition  -  San  Francisco  Approach 

10  Substructure  -  San  Francisco  Approach 

11  Superstructure  -  San  Francisco  Approach 

12  Completion  of  Mole 

13  Toll  Houses  and  Administration  Building 

14  Electrical  Work 

15  Wrapping  Cables 

16  Operating  Equipment 


Contingencies 

Engineering 

Administration  and  Legal 

Property 

Moving  Submarine  Cables 

State  of  California  Advances 

TOTAL  BEFORE  FINANCING 


$  9,000,000 
1,650,000 
3,590,000 
2,650,000 
2,100,000 
330,000 
120,000 

10,4.00,000 

6,200,000 

8, 900, 000 

60,000 

100,000 

1,300,000 

650,000 

600,000 

400,000 
400,000 

250,000 
300.000 

$49,000,000 

2,500,000 

2,500,000 

500,000 

2,500,000 

250,000 

600.000 

$57,850,000 


NOTE:  Details  of  the  estimates  of  the 
various  contracts  are  shovm  on 
the  following  pages. 
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TABLE  XII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SM  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  2 
Sub  structure  -  West  Bay  Crossing 

Engineer's  Estimate 

Item 

No. 

1  268,5-42  Cubic  Yards 

Caisson  Work  ...  at  $22.00  $5,907,924 

2  10,000  Cubic  Yards 

Additional  Caisson  Work  at  20.00    200,000 

3  55,000  Cubic  Yards 

Concrete  Seal  . at  15.00    825,000 

4  21,400  Cubic  Yards 

Concrete  Foundations  Pier  2  ...  at  15.00    321,000 

5  27,000  Cubic  Yards 

Concrete  Pier  Shafts  and  Fenders, 

Piers  2,  3,  5  and  6  .  .  .  at  15.00    405,000 

6  59,900  Cubic  Yards 

Concrete  Superstructure  Pier  4  .  .  at  18.00  1,078,200 

7  3,400,000  Pounds 

Reinforcing  Steel  above 

Foundations   .....  at    .04    136,000 

8  300,000  Pounds  . 

Structural  Steel  above 

Foundations   at    .06     18,000 

9  1,100  M.B.M* 

Timber  in  Fenders  at  80.00     88,000 

10  135,000  Pounds 

Timber  Fastening  in  Fenders  .  .  .  .at    .10     13,500 

11  Alterations  to  Pier  24 40,000 

12  5,000  Barrels 

Extra  Portland  Cement  at   2.20     11.000 

TOTAL  ESTIMATED  COST   $9,043,624 
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TABLE  XIII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FEANCI SCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO,  3 
San  Francisco  Anchorage 

Engineer's  Estimate 


Item 

No. 


Anchorage 


1  16,000  Cubic  Yards 

Concrete  below  El.  +6.0  .....  at  $16., 00  $  256,000 

2  4,3,000  Cubic  Yards 

Mass  Concrete  above  El,  +6,0  ,  ,  at  12.00   516,000 

3  3,000  Cubic  Yards 

Reinforced  Concrete  ........  at  20,00    60,000 

4  1,700,000  Pounds 

Reinforcing  Steel  at    .04    68,000 

5  2,500,000  Pounds 

Anchorage  Steelwork  at    .08   200,000 

6  Lump  sum  of 

Drains,  Stairs,  etc 10,000 

Structure  (Anchorage  to  Rincon.Hill) 

7  7,100  Cubic  Yards 

Concrete  at  20.00   142,000 

8  1,000,000  Pounds 

Reinforcing  Steel at    .045   45,000 

9  60,000  Pounds 

Structural  Steel at    .06     4,000 

Piers  A.  B  and  1 

10  10,100  Cubic  Yards 

Concrete  below  El.  +6.0 at  18.00   182,000 

11  6,700  Cubic  Yards 

Concrete  above  El.  +6.0   .....  at  15.00   100,000 

12  1,300,000  Pounds 

Reinforcing  Steel at   .04    52.000 

TOTAL  ESTIMATED  COST   ....   .....    $1,635,000 
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TABLE  XIV 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  4 
Substructure  -  East  Bay  Crossing 
Piers  E2  to  E5  Inclusive 

Engineer's  Estimate 

Item 

No. 

1  9,200  Cubic  Yards 

Foundation  Pier  E2 at  $15.00  $  138,000 

2  6,500  Cubic  Yards 

Concrete  above  El.  0.00  Pier  E2  .  .  at  15.00    97,500 

3  H3,942  Cubic  Yards 

Caisson  work,  Piers  E3,E4  and  E5  .  .  at  19.00  2,734,898 

4  10,000  Cubic  Yards 

Additional  Caisson  Work, 

Piers  E3,  E4  and  E5  .  .  .  at  18.00   180,000 

5  17,000  Cubic  Yards 

Concrete  Seal  Piers  E3,E4  and  E5  .  .  at  15.00   255,000 

6  7,440  Cubic  Yards 

Concrete  above  Elevation  0.00 

Piers  E3,  E4  and  E5   .  at  15.00   111,600 

7  610,000  Pounds 

Reinforcing  Steel  above  £l.  0.00 

Piers  E2  to  E5  Inclusive  ......  at    .04    24,400 

8  125,000  Pounds 

Anchorage  Steelwork 

Piers  E3,  E4  and  E5  .  at    .06     7,500 

9  Changes  to  Army  Dock 

Lump  Sum 15,000 

10  275  M.B.M. 

Creosoted  Timber  Fenders  Pier  E3  .  .  at  80.00    22,000 

11  23,000  Pounds 

Timber  Fastenings .  at    .10     2.300 

TOTAL  ESTIMATED  COST  $3,588,198 
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TABLE  XV 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAW  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO,  4A 
Substructure  -  East  Bay  Crossing 
Piers  E6  to  E22  Inclusive 

Engineer* s  Estimate 

Item 
No, 

12  372,000  Lineal  Feet 

Timber  Piles at  f  1  00  f  372,000 

13  50,000  Lineal  Feet 

Additional  Length  Timber  Piles  .  •  at   2.00   100,000 

14  22,000  Tons 

Gravel  Blanket  at   3.00    66,000 

15  61,500  Cubic  Yards 

Concrete  Seal  at  20.00  1,230,000 

16  40,500  Cubic  Yards 

Concrete  Pier  Shafts  ........  at  18.00   729,000 

17  1,530,000  Pounds 

Reinforcing  Steel  . at    ,04    61,200  . 

18  225,000  Pounds 

Anchorage  Steel  Work 

Piers  E6  to  E22  Inclusive  ....  at    .  :G    13,500 

19  Alterations  to  Key  Pier 

Lump  Sum 50  f  000 

TOTAL  ESTIMATED  COST .    42,621,700 
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TABLE  XVI 

STATE  OF  CALIFORNIA 

DEPARTMENT  OF  PUBLIC  WORKS 

SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  5 
Yerba  Buena  Crossing 

Engineer1 s  Estimate 
Item 
No. 

1  250,000  Cubic  Yards 

Excavation  for  Approaches  ....  at  f  1.00  $  250,000 

2  1,000  Cubic  Yards 

Excavation  for  Anchor  Tunnels  .  .  at  10.00    10,000 

3  63,500  Cubic  Yards 

Excavation  for  Tunnel  at   8.00   508,000 

A   2,500,000  Pounds 

Anchorage  Steelwork  at    .08   200,000 

5  1,000  Cubic  Yards 

Concrete  in  Anchor  Tunnels  ...  at  10.00    10,000 

6  8,000  Cubic  Yards 

Concrete  in  Anchorage  at  15.00   120,000 

7  7,200  Cubic  Yards 

Concrete  Viaduct  and  Retaining 

Walls .at  18.00   131,600 

8  12,000  Cubic  Yards 

Concrete  Tunnel  Lining at  20.00   2-40,000 

9  3,500  Cubic  Yards 

Concrete  Floor  Framing  in  Tunnel  at  20.00    70,000 

10  2,000  Cubic  Yards 

Concrete  Pier  Foundations  ....  at  12.00    24,000 

11  12,000  Cubic  Yards 

Concrete  Pier  Shafts  ......  at  15.00   188,000 

12  3,000,000  Pounds 

Reinforcing  Steel  ...  at    .OA   120,000 

1 

13  Roadway  changes  on  Island 

Lump  Sum 236, A00 

TOTAL  ESTIMATED  COST #  2,100,000 
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TABLE  XVII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACTS  NO.  5 A  and  5B 
Mole  Construction 

Engineer* s  Estimate 

Item 
No. 

1  200,000  Cubic  Yards 

Dredging *  at  f     .15     $     30,000 

2  1,500,000  Cubic  Yards 

Sand  Fill  .  .  . at    .20    300,000 

3  36,000  Cubic  Yards 

Face  Bock at   1.50     54,000 

4  66,000  Cubic  Yards 

Core  Rock at   1.00     66.000 

TOTAL  ESTIMATED  COST $  450,000 
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TABLE  XVIII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRAIiCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  6 
Superstructure  except  Cables  -  West  Bay  Crossing 

Engineer's  Estimate 


Item 

No. 

1 

34*000,000 

2 

10,800,000 

3 

600,000 

4 

1,620,000 

5 

150,000 

6 

4-50,000 

7 

620,000 

8 

1,910,000 

9 

35,300,000 

10 

.  2,000,000 

11 

27,000,000 

12 

9,170,000 

13 

2,360,000 

H 

.  1,4-00,000 

15 

12,600,000 

16 

4,600 

17 

6,300 

18 

620,000 

19 


530,000 


Pounds 

Silicon  Steel  in  Towers  ....  at 

Pounds 

Carbon  Steel  in  Towers   ....  at 

Pounds 

Cast  Steel  in  Towers   .  *  ...  at 

Pounds 

Carbon  Steel  in  Bents  .....  at 

Pounds 

Cast  Steel  in  Bents at 

Pounds 

Heat  Treated  Eyebars  in  Pier  4  at 

Pounds 

Carbon  Steel  Eyebars  in  Pier  4  at 

Pounds 

Silicon  Steel  in  Pier  4  •  •  •  •  at 

Pounds 

Silicon  Steel  in  Trusses   ...  at 

Pounds 

Carbon  Steel  in  Trusses  ....  at 

Pounds 

Silicon  Steel  in  Floor  ....  at 

Pounds 

Carbon  Steel  in  Floor  at 

Pounds 

Silicon  Steel  in  Bracing  ...  at 

Pounds 

Carbon  Steel  in  Bracing  ....  at 

Pounds 

Steel  in  Upper  Deck  Floor  ...  at 

Cubic  Yards 

Concrete  in  Upper  Deck  Floor  .  at 

Cubic  Yards 

Concrete  in  Lower  Deck  ....  at 

Lineal  Feet 

Reinforcing  Trusses  in  Lower 

Deck at 

Pounds 

Reinforcing  Bars  in  Lower  Deck  at 


I     .085 
.08 
.20 
.075 
.20 
.085 
.075 
.08 
.08 
.075 
.055 
.05 
.08 
.075 
.045 
15.00 
20.00 

.20 

.04 


#2,890,000 

864, 000 

120,000 

120,000 

30,000 

38,000 

46,000 

153,000 

2,825,000 

150,000 

1,485,000 

460,000 

190,000 

105,000 

568,000 

69,000 

126,000 

124,000 

21.000 


TOTAL  ESTIMATED  COST   #10,384,000 
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TABLE  XIX 

STATE  OF  CALIFORNIA 

DEPARTMENT  OF  PUBLIC  WORKS 

SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  6A 
Cables  and  Attachments  -  West  Bay  Crossing 

Engineer's  Estimate 

Item 
No. 

1  35,820,000  Pounds 

Cable  Wire at  $  .15  $  5,380,000 

2  226,000  Lineal  Feet 

Suspender  Roses  -  2-1/4"  diam.at       2.00  452,000 

3  2,100,000  Pounds 

.  Cast  Steel at    .15      314,000 

4  44,000  Lineal  Feet 

Hand  Ropes  -  1"  diam.   ...  at    .25       11,000 

5  250,000  Pounds 

High  Tensile  Bolts  .....  at    .12      30,000 

6  30,000  Pounds 

Cast  Iron at    .10  3.000 

TOTAL  ESTIMATED  COST $  6,190,000 
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TABLE  XX 

STATE  OF  CALIFORNIA 
.  DEPARTMENT  OF  PUBLIC  WORKS 
SAM  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  7 

Superstructure  -  East  Bay  Crossing 

Engineer's  Estimate 

Item 
No* 

1  7,600,000  Pounds 

Silicon  Steel  in  Bents 

2  6,000,000  Pounds 

Carbon  Steel  in  Bents 

3  6,860,000  Pounds 

Heat  Treated  Eyebars  in  Trusses  at 

4  6,290,000  Pounds 

Nickel  Steel  in  Trusses 

5  22,800,000  Pounds 

Silicon  Steel  in  Trusses 

6  16,330,000  Pounds 

Carbon  Steel  in  Trusses 

7  23,890,000  Pounds 

Silicon  Steel  in  Floor  . 

8  1A,750,000  Pounds 

Carbon  Steel  in  Floor 

9  780,000  Pounds 

Silicon  Steel  in  Bracing 

10  6,880,000  Pounds 

Carbon  Steel  in  Bracing 

11  12,600,000  Pounds 

Steel  in  Upper  Deck  Floor 

12  A,570  Cubic  Yards 

Concrete  in  Upper  Deck  Floor  .  at  15.00 

13  6,370  Cubic  Yards 

Concrete  in  Lower  Deck  ....  at  20.00 

14  627,000  Lineal  Feet 

Reinforcing  Trusses  in 
Lower  Deck 

15  560,000  Pounds 

Reinforcing  Bars  in  Lower  Deck  at 

Girder  Spans  on  Hole 

16  1,500,000  Pounds 

Carbon  Steel  . 

17  700  Cubic  Yards 

Concrete  in  Deck  ...... 

18  65,000  Lineal  Feet 

Reinforcing  Trusses  in  Deck 

19  56,000  Pounds 

Reinforcing  Bars  in  Deck  .  . 
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•      •     clt 
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1,227,000 

•       a      ct"t 

.055 

1,316,000 

•       *      3,  Xf 

.05 

738,000 

•     *    at 

.08 

63,000 

.   .  at 

.075 

516,000 

*     •     Et 

.045 

567,000 

•       •       -l» 


.  at 

.20 

126,000 

k  at 

.04 

22,000 

.  at 

.06 

90,000 

.  at 

20.00 

14.,  000 

.   at 

.20 

13,000 

.  at 

.OA 

2.000 

TOTAL  ESTIMATED  COST  .........    #8,987,000 
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TABLE   XXI 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  8 
Completion  of  Center  Anchorage 

Engineer's  Estimate 


Item 
No. 

1  2,600  Cubic  Yards 

Concrete  at  $20.00  $   52,000 

2  100,000  Pounds 

Reinforcing  Steel at    .05     5,000 

3  50,000  Pounds 

Structural  Steel at    .06     3.000 

TOTAL  ESTIMATED  COST  .....   $60,000 


72 


i 


. 


TABLE  XXII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  10 
Substructure  -  San  Francisco  Approach 

Engineer's  Estimate 

Item 
No. 

1  180,000  Cubic  Yards 

Excavation at  f  1.00  $  130,000 

2  10,000  Cubic  Yards 

Concrete  Foundations  at  12.00   120,000 

3  81,000  Lineal  Feet 

Concrete  Piles  at   3.50   283,500 

4  11,000  Cubic  Yards 

Concrete  Retaining  Walls  at  20.00   220,000 

5  8,200  Cubic  Yards 

Concrete  Superstructure  .....  at  20.00   164,000 

6  4,000,000  Pounds 

Reinforcing  Steel  at    .045  180,000 

7  23,000  Cubic  Yards 

'  Embankment .  at    .060   13,800 

8  5,250  Cubic  Yards 

Concrete  Pavement  .  ,  at  12.00    63,000 

9  Changes  to  Sewers   50,000 

10  Planting  etc 25.700 

TOTAL  ESTIMATED  COST #1,300,000 
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TABLE  XXIII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  DAY  BRIDGE 


CONTRACT  NO.  11 
Superstructure  -  San  Francisco  Approach 

Engineer's  Estimate 

Item 

No, 

1  4,500,000  Pounds 

Carbon  Steel at  $  .06  $  270,000 

2  1,700,000  Pounds 

Silicon  Steel  at    .065   110,500 

3  200,000  Pounds 

Cast  Steel at    .15     30,000 

A       8,000  Cubic  Yards 

Concrete  Roadway  at  25.00    200,000 

5    1,000,000  Pounds 

Reinforcing  Steel  at    .045    A5.000 

TOTAL  ESTIMATED  COST $  655,500 
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TABLE  XXIV 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PTJBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  12 
Completion  of  Mole 

Engineer's  Estimate 

Item 

^o. 

1  65,000  Lineal  Feet 

Timber  Piling at  f  1.00  f  65,000 

2  4,000  Cubic  Yards 

Foundation  Concrete  .......  at  15.00   60,000 

3  3,000  Cubic  Yards 

Pier  Shafts  at  20.00   60,000 

4  13,000  Lineal  Feet 

Concrete  Piling  at   3.00   39,000 

5  3,800  Cubic  Yards 

Concrete  Floor  Slabs   at  20.00   76,000 

6  1,500,000  Pounds 

Reinforcing  Steel at    .04   60,000 

7  107,000  Square  Yards 

Bituminous  Paving  at   2.00  21A.000 

TOTAL  ESTIMATED  COST .  $574,000 
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TABLE  VII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
STATE  DIVISION  OF  HIGHWAYS 

PROPOSED  STATE  HIGHWAYS  IN  ALAMEDA  COUNTY 
CONNECTING  WITH 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


ESTIMATED  COST  OF  CONSTRUCTION  MP  PROPERTY 
(See  Drawing  No.  X) 

Construction  Property  & 

Damages 

Distribution  Structure  .  .  .  &  905.000  ft  95.000 

Ashbv  Avenue  Connection 

Distribution  Structure  to 

Southern  Pacific  Underpass     590,000     85,000 
Southern  Pacific  Underpass   .    250,000   (Easement) 
Southern  Pacific  Underpass  to 

Ninth  Street  4.0.000     60.000 

$  330,0Q0  $  lAgtOQQ 
Seventh  Street  Connection 

Distribution  Structure  to 

26th  Street ft   4-0,000  ft.  75,000 

26th  Street  to  Peralta  Street  35,000  50,000 
Peralta  Street  to  Seventh 

Street  .....     170.000    220.000 

I  2A5.00Q  $  3A5.000 

Market  Street  Connection 

Distribution  Structure  to 

Linden  Street $  4-50,000  $  270,000 

Linden  Street  to  Market 

Street  80.000    100.000 

ft  530.000   ft  370.000 

Engineering 

Property  Acquisition  ....  j  130.000  ft  55.000 

TOTAL  ESTIMATED  COST  ....   $2,690,000  $1,010,000 


Total 


ft  1.000.000 


675,000 
250,000 

100.000 

#  l,025,tOOQ 


$   115,000 
85,000 

390.000 

&   590.000 


ft   720,000 

180.000 

ft   900.000 


ft   185.000 
|  3,700,000 
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TABLE  XXXI 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


ESTIMATED  COST  OF  INTERDRBAN  FACILITIES 


East  Approach  Construction 

Connection  -  Berkeley  Lines  to  Key  Mole  $  330,000 

Connections  -  16 th  Street,  Oakland  530,000 

7th  and  Bay  Streets,  Oakland  4.0,000 

Lincoln  Junction,  Alameda  20,000 

Electric  Support  Yard  -  East  Oakland  30,000 

Interlocking  Plant  at  22nd  Street  30,000 

Relocating  Tracks  at  Bridge  Junction  10,000 

Storage  Yard  on  Key  Fill  1.070.000 


$  2,060,000 


Construction  in  San  Francisco 
(Ready  for  Track) 

Substructure 

Superstructure 

Property 


360,000 
740,000 

1. 900 r 000 


3,000,000 


Tracks.  Signals  etc.  on  Bridge  and  San  Francisco  Approach 


Rails,  Guard  Rails  etc. 
Catenary  Construction 
Signals  and  Automatic  Stops 
Interlocking 


770,000 
510,000 
630,000 

330*000, 


2,240,000 


New  Equipment  and  Changes  to  Present  Equipment 

New  Motor.  Cars  and  Trailers  790,000 

Equipping  d.P.  Cars  with  Tomlinson  Couplers  260,000 

Equipping  Cars  for  Platform  Loading  380,000 

Equipping  S.P.  Cars  for  600  V  Operation  24.0,000 

Equipping  Cars  for  Automatic  Stops  20 . 000 


TOTAL  ESTIMATED  COST 


1.690.000 
#8,990,000 
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TABLE  XXXII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  1-1 
Substructure  <-  San  Francisco  Interurban  Loop 

Engineer's  Estimate 

Item 

Ho. 

1  8,000  Cubic  Yards 

Excavation at  |  1.00  $   8,000 

2  3,000  Cubic  Yards 

Concrete  Pedestals  at  15.00     45,000 

3  1,600,000  Pounds 

Reinforcing  Steel  at    .045    72,000 

4  70,000  Lineal  Feet 

Reinforced  Concrete  Piles  .at   3.50    2A5.000 

TOTAL  ESTIMATED  COST $   360,000 
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TABLE  XXXIII 

STATE  OF  CALIFORNIA 

DEPARTMENT  OF  PUBLIC  ?iORKS 

SAN  FRAHCI SCO-OAKLAND  BAY  BRIDGE 


CONTRACT  NO.  1-2 
Superstructure  -  San  Francisco  Interurban  Loop 

Engineer1 s  Estimate 

Item 

No. 

1  11,000,000  Pounds 

Structural  Steel at  $  .06  $  660,000 

2  7,800  Cubic  Yards 

Concrete at  20.00     14.0,000 

3  1,000,000  Pounds 

Reinforcing  Steel  ......  at    .04-5     A5 .  000 

TOTAL  ESTIMATED  COST .   $  7A5,000 


85 


. 


8        8 


an 
n 

8    8 


,     I 


8       8 


f 

q 


s 

I 


§   a 


2 


O 

8 


a    I 
9 


a. 

> 

■D 

•  i-i  C 
I 

3     fl 


S.l 

to  a  « 

5  > 


1 


2 


P 


in       to 


5 


I        1 


.1  3 

So  o 

•  G  • 
«  0 

a  u  --> 

•  1  <H 
•H  Si  0 

8a  3 


S 

o 

M 


o 

8 


8  8 

8  8* 

o  o 

a  s 


9 

* 


8       8       8 

m  25  H 


i  § 


8    8       8 


§    I    §    §    I    I 


If 

i 


»1 

SI 

If  J 

h3 
55° 


C     5 


If 

2 


1     « 


If 

s 


&  & 


i 


i  i 

•3 

.8 


4 


15     1! 


If 
S 


8     8 

«H         Pi 

5    d 


8    888    2       2       8       SB 

p>      w      w      V      o  t-  «o  to      *■ 


8    8 


a 

10 


§       §3       §    I        I     §     I     I     I    3 


a 
J? 

3 


Is 


s 


K 

q 

a 

g 

5 


1     I 


■0 
h 


S 


3 

a 


£ 

c 

s 
I 


e   e   e 


0       S       3       « 


8   8      8   a   d   d   a 

e-       c-  f       ^      t*       ^       ~^ 

n      n  n      n      n      n      n 


6 
S 


J 

s 

I 

8 


M 

a    r 

4        M 


8    1 


Sl  M  M 


86 


3 

£ 


I  i     JIIJ!£ 


8    2       83S888       § 

CD  +  O  «0  *         «         O         ft  V 


8        0  QOOQOlO  O 

§     i  §  s  s  s  a     s 


*  8 

I   a  la 

» i  it 


•a 


! 


10  — 


Q 

Z  O 

1  w 

i  | 

o  3 


B2 


55 

4* 


g 

3 

& 

3 


§5    8     3 


"     ^     a     co 


3     3 


t    ii 


EJ      S 


87 


-3 

S? 


8     8 


'J 


& 

H 


SECTION  X 

Contract  Schedule 
With.  Estimates  of  Costs 

And 
Hnancial  Requirements 


SECTION  X 
Contract  Schedule  ydth  Estimates  and  Financial  Requirements 

Among  other  investigations  in  connection  v/ith  this 
project,  we  have  studied  the  construction  schedules  that  have 
been  met  on  other  projects  of  similar  magnitude.  As  a  result 
of  these  studies,  we  are  convinced  that  a  construction  schedule 
permitting  the  opening  of  the  bridge  to  traffic  within  four  years 
of  the  award  of  the  first  contract,  is  entirely  feasible.  Our 
schedule  for  the  various  parts  of  the  work  is  shown  by  Table 
XXXVI,  pages  89-93. 

In  connection  ?dth  this  schedule,  it  should  be  noted 
that  we  propose  to  start  certain  contracts  at  an  earlier  date 
than  would  be  necessary  to  have  all  parts  of  the  work  completed 
at  the  same  date.  .Jhile  this  will  increase  the  interest  charges 
to  some  extent  it  is  believed  to  be  in  line  with  the  proposal  to 
provide  employment  at  the  earliest  possible  date. 

From  the  construction  schedule  we  have  estimated  the 
monthly  payments  that  would  be  due  the  various  contractors  and 
have  scheduled  the  sums  of  money  that  would  be  necessary  on 
various  dates.  This  schedule  is  shown  by  Tables  XXXVII  and 
XXXYIII,  pages  94  and  96. 


88. 


DATE 


TABLE  XXXVI 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONSTRUCTION  SCHEDULE 


CONTRACT  SO.  2  -  SUBSTRUCTURE-Y/EST  BAY  CROSSING 


11-1-32  Arard  Contract 

4-1-33  Pier  2  -  Cofferdam  Complete 

6-1-33  Foundation  Complete 

9-1-33  Pier  Complete 

3-1-33  Pier  3  -  Caisson  Launched 

9-1-33  Sinking  Complete 

2-1-34  Pier  Complete 

5-1-33  Pier  4  -  Caisson  Launched 

1-1-34  Sinking  Complete 

3-1-34  Complete  to  Elevation  +25.0 

7-1-34  Superstructure  Complete  ready  for  Cable  Wire 

5-1-33  Pier  5  -  Caisson  Launched 
11-1-33  Sinking  Complete 

2-1-34  Pier  Complete 

3-1-33  Pier  6  -  Caisson  Launched 

8-1-33  Sinking  Complete 

12-1-33  Pier  Complete 

8-1-34  Contract  Completed 

CONTRACT  NO.  3  -  SAN  FRANCISCO  ANCHORAGE 

11-4-32  Award  Contract 

11-14-32  Start  Excavation 

2-1-33  Excavation  Complete 

4-1-33  Foundation  Block  Complete 

6-1-33  Anchor  Bars  Placed 

8-1-33  First  Section  Complete 

9-1-33  Pier  I  Complete 

1-1-36  Cable  Stringing  Complete 

3-1-36  Piers  A  and  B  Complete 

5-1-36  Contract  Completed 


89 
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DATE 


TABLE  XXX7I 

STATE  OP  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONSTRUCTION  SCHEDULE  Continued 


CONTRACTS  NO.  4  and  4A  -  SUBSTRUCTURE-EAST  BAY 


11-8- 

-32 

Award  Contract 

4-1- 

-33 

Pier  E2  - 

Cofferdam  Complete 

6-1- 

-33 

Foundation  Complete 

9-1- 

-33 

Pier 

Complete 

3-1- 

-33 

Pier  E3  - 

Cais 

son  Launched 

3-1- 

-34 

Sinking  Complete 

10-1- 

-35 

Pier 

Complete 

6-1- 

-33 

Pier  E4  - 

Caisson  Launched 

6-1- 

-34 

Sinking  Complete 

■ 

6-1- 

•35 

Pier 

Complete 

9-1- 

■33 

Pier  E5  - 

Caisson  Launched 

9-1- 

•34 

Foundation  Complete 

4-1- 

•35 

Pier 

Complete 

11-1- 

•35 

Contract  1 

oo.  4 

Completed 
CONTRACT  NO.  t 

iA 

- 

Pier 

Cofferdam 

Piles 

Foundation 

Pier 

No. 

Complete 

Driven 

Completed 

Complete 

E-6 

3-15-35 

4-15-35 

5-1-35 

6-15-35 

E-7 

1-15-35 

2-15-35 

3-1-35 

4-15-35 

E-8 

11-15-34 

12-15-34 

1-1-35 

2-15-35 

E-9 

9-15-34 

10-15-34 

11-1-34 

12-15-34 

E-10 

8-1-34 

9-1-34 

9-15-34 

10-15-34 

E-ll 

6-15-34 

7-15-34 

8-1-34 

9-1-34 

E-12 

5-1-34 

6-1-34 

6-15-34 

7-15-34 

E-13 

3-15-34 

4-15-34 

5-1-34 

6-1-34 

E-H 

2-1-34 

3-1-34 

3-15-34 

4-15-34 

E-15 

12-15-33 

1-15-34 

2-1-34 

3-1-34 

E-16 

11-1-33 

12-1-33 

12-15-33 

1-15-34 

E-17 

9-15-33 

10-15-33 

11-1-33 

12-1-33 

E-13 

8-1-33 

9-1-33 

9-15-33 

10-15-33 

E-19 

6-15-33 

7-15-33 

8-1-33 

9-1-33 

E-20 

5-1-33 

6-1-33 

6-15-33 

7-15-33 

E-21 

3-15-33 

4-15-33 

5-1-33 

6-1-33 

E-22 

2-1-33 

3-1-33 

3-15-33 

4-15-33 

Contract  Completed 


7-1-35 
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DATE 


TABLE  XXXVI 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONSTRUCTION  SCHEDULE  Continued 


CONTRACT  NO.  5  -  YERBA  BUENA  CROSSING 


11-10-32  Award  Contract 

12-1-32  Start  Excavation 

6-1-33  Anchorage  Tunnels  Excavated 

7-1-33  Anchorage  Tunnels  Concreted 

7-1-33  First  Section  of  Anchorage  Completed 

6-1-33  Main  Tunnel  Started 

6-1-34  Main  Tunnel  Completed 

1-1-35  Viaduct  Completed 

1-1-35  Piers  Completed 

3-1-35  Contract  Completed 


CONTRACTS  NO.  5A  and  5B  -  MOLE  CONSTRUCTION 


11-10-32    Award  Contract 
12-1-33    Fill  Started 
1-1-35    Fill  Completed 


CONTRACT  NO.  6  -  SUPERSTRUCTURE  EXCEPT  CABLES 

WEST  BAY  CROSSING 

CONTRACT  NO.  6 A  -  CABLES  WEST  BAY  CROSSING 

2-1-33  Award  Contract 

Start  Erection  Tower  2 

9-1-34  Tower  Erection  Completed 

1-1-35  Foot  Bridges  Completed 

1-1-36  Complete  Wire  Stringing 

6-1-36  Complete  Erection  of  Trusses 

8-1-36  Complete  Roadway 

9-1-36  Contract  Completed 

CONTRACT  NO.  7  -  SUPERSTRUCTURE-EAST  BAY 

4-1-33    Award  Contract 
Start  Erection 
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JTABLE  XXXVT 

STATE  OF  CALIFORNIA 

DEPARTMENT  OF  PUBLIC  WORKS 

SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


CONSTRUCTION  SCHEDULE  Continued 


COMPLETION  DATES  FOR  SPANS 


Date 


Span 


10-1-35 

Island 

12-1-35 

1-2 

4-1-36 

2-3 

12-1-35 

3-4 

10-1-35 

4-5 

8-1-35 

5-6 

6-1-35 

6-7 

4-1-35 

7-8 

2-1-35 

8-9 

1-1-35 

9-10 

12-1-34 

10-11 

11-1-34 

11-12 

10-1-34 

12-13 

Date 

9-1-34 
8-1-34 
7-1-34 
6-1-34 
5-1-34 
4-1-34 
3-1-34 
2-1-34 
1-1-34 
12-1-33 
11-1-33 
6-1-36 
7-1-36 


13-H 

14-15 

15-16 

16-17 

17-18 

18-19 

19-20 

20-21 

21-22 

22-  Mole 

Mole 

Complete  Roadway 

Complete 


DATE 

CONTRACT  NO.  8  -  COMPLETION  OF  CENTER  ANCHORAGE 

1-1-36     Award  Contract 
1-10-36     Work  Started 
5-1-36     Contract  Completed 

CONTRACT  NO.  9  -  DEMOLITION-SAN  FRANCISCO  APPROACH 

1-11-33     Award  Contract 
6-1-33     Contract  Completed 

CONTRACT  NO.  10  -  SAN  FRANCISCO  APPROACH-SUBSTRUCTURE 

6-11-33     Award  Contract 
10-1-34     Contract  Completed 

CONTRACT  NO.  11  -  SAN  FRANCISCO  APPROACH-SUPERSTRUCTURE 

1-11-34     Award  Contract 
4-1-35     Contract  Completed 
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TABLE  XXXVI 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCI SCO-OAKLAND  BAY  BRIDGE 


CONSTRUCTION  SCHEDULE  Continued 


CONTRACT  NO.  12  -  COMPLETION  OF  HOLE 


4-10-35     Award  Contract 
4-1-36     Contract  Completed 


CONTRACT  NO.  13  -  TOLL  HOUSES 


9-10-35     Award  Contract 
7-1-36     Contract  Completed 


CONTRACT  NO.  14  -  ELECTRICAL  WORK 


9-10-35     Award  Contract 
7-1-36     Contract  Completed 


CONTRACT  NO.  15   -  WRAPPING  CABLES 


5-11-36     Award  Contract 
10-1-36     Contract  Completed 


CONTRACT  NO.  16  -  OPERATING  EQUIPMENT 


6-11-36     Award  Contract 
10-1-36     Contract  Completed 
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TABLE  XXXVII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


FINANCING  SCHEDULE 
(Without  Inter  urban) 


Constr.,Engr.&  Property     Interest  Total 

Monthly   Cumulative  Monthly  Cumulative  Monthly  Cumulative 


X 


1932  Oct. 
Nov. 
Dec. 

1933  Jan. 
Feb. 
Mar. 
Apr. 
May- 
June 
July 
Aug. 
Sept. 

Oct. 

Nov. 
Dec. 
1934-  Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 

Oct. 
Nov. 
Dec. 


1,200,000 

295,000 

293,750 

592,500 

890,000 

886,250 

1,182,500 

1,477,500 

1,471,250 


1,200,000 
1,495,000 
1,788,750 
2,381,250 
3,271,250 
4,157,500 
6.3AO.OOO 


5,000 
6,250 
7,500 
10,000 
13,750 
17,500 
22,500 
28,750 
35,000 
42,500 
48,750 

55,000 

61,250 

67,500 

73,750 

80,000 

87,500 

96,250 

103,750 

111,250 

118,750 

127,500 

133,750 


1,060,000  33,306,250  140,000 

755,000  34,061,250  145,000 
751,250  34,812,500  148,750 


5,000 

11,250 

18,750 

28,750 

42,500 

60,000 

82,500 

111,250 

146,250 

188,750 

237,500 

292,500 

353,750 

421,250 

495,000 

575,000 

662,500 

758,750 

862,500 

973,750 

1,092,500 

1,220,000 

1,353,750 


1,200,000 
300,000 
300,000 
600,000 
900,000 
900,000 
1,200,000 
1,500,000 


1,200,000 
1,500,000 
1,800,000 
2,400,000 
3,300,000 

4,200,000 

5,400,000 
6,900,000 

8,400,000 

10,200,000 
11,700,000 
13,200,000 


1,500,000 
1,500,000 
1,500,000 
1,500,000 
1,800,000 
2,100,000 
1,800,000 
1,800,000 
1,800,000 
2,100,000 
1,500,000 
1,500,000 


14,700 
16,200 
17,700 
19,200 
21,000 
23,100 
24,900 
26,700 
28,500 
30,600 
32,100 
33,600 


,000 

i,000    * 

i,000 

,000 

,000 

,000 

1,000 

,000 

1,000 

,000 
,000 
,000 


1,200,000  34,800,000 

900,000  35,700,000 

900,000  36,600,000 
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TABLE  XXXVII 

STATE  OF  CALIFORNIA 

DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


FINANCING  SCHEDULE  Continued 
(Without  Interur"ban) 


Constr.,Engr.&  Property      Interest  Total 

Monthly   Cumulative  Monthly   Cumulative  Monthly  Cumulative 


Jl 


1935  Jan. 
Feb, 

Mar, 
Apr, 
May- 
June 
July 
Aug, 
Sept, 

Oct. 
Nov. 
Dec. 

1936  Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept, 

Oct. 

Nov. 
Dec. 


747,500 
7-43,750 

74-0,000 

736,250 

732,250 

728,750 

1,025,000 

1,020,000 

1,015,000 

1,010,000 

1,005,000 

1,300,000 
1,593,750 
1,836,250 
1,277,500 
971,250 
966,250 
961,250 


35,560,000 

( 

I  * 

;'< 

1. 
41,286,000 
4-2,301,000 


35, 560, C. 
36,303,750 
rv,  "}-••'- 

( 

l_ 
4u,^u,000 
41,286,( 


36,303,',, 
37,043,750 

pv,^4x,000 

40, 266, ( 


37,043/., 
37,780,000 
38,512,250 
39, 241, C 
/n.oAA.f 


750 


44,j>xo,  . 
45,616,000 
47,209, 
49,096, 

50,373, 

51,344, 

52,311, 

53,272, 

54,228, 

55,479,y?u 

56,724,750 

638,750  57,363,500 
335,000  57,698,500 
151,500  57,850,000 


152,500 
156,250 
160,000 
163,750 
167,750 
171,250 
175,000 
180,000 
185,000 

190,000 
195,000 
200,000 
206,250 
213,750 
222,500 
228,750 
233,750 
238,750 
243,750 
243,750 
255,000 

261,250  6 
265,000  6 
267,500  6 


940,000 
096,250 
256,250 
420,000 
587,750 
759,000 
934,000 
114,000 
299,000 

489,000 
684,000 
884,000 
090,250 
304,000 
526,500 
755,250 
989,000 
227,750 
471,500 
720,250 
975,250 

236,500 
501,500 
769,000 


37,500,000 
38,400,000 
39,300,000 
4-0,200,000 
41,100,000 
42,000,000 
43,200,000 
X,^U'J,UUU  44,4-00,000 
1,200,000  45,600,000 


900,000 
900,000 
900,000 
900,000 
900,000 
900,000 
1,200,000 


1*200 J 666 


1,200,000 
1,200,000 
1,500,000 
1,800,000 
2,100,000 
1,500,000 
1,200,000 
1,200,000 
1,200,000 
1,200,000 
1,500,000 
1,500,000 


46,800,000 
48,000,000 
49,500,000 
51,300,000 

53,400,000 
54,900,000 
56,100,000 
57,300,000 

58,500,000 
59,700,000 
61,200,000 
62,700,000 


900,000  63,600,000 

600,000  64,200,000 

419,000  64,619,000 
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TABLE  XXXVIII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


FINANCING  SCHEDULE 
(With  Interurban) 


Constr.,Engr.&  Property    Interest  Total 

Monthly   Cumulative   Monthly  Cumulative  Monthly  Cumulative 


«june 
July 
Aug. 
Sept. 
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250  3,038,750  1,500,000  47,400, 000 

500  3,236,250  1,500,000  48,900,000 

750  3,440,000  1,500,000  50,400,000 

000  3,650,000  1,500,000  51,900,000 

250  3,866,250  1,500,000  53,400,000 


TABLE  XXXVIII 

STATE  OF  CALIFORNIA 
DEPARTMENT  OF  PUBLIC  WORKS 
SAN  FRANCISCO-OAKLAND  BAY  BRIDGE 


FINANCING  SCHEDULE  Continued 


Constr.,Engr.&  Property     Interest  Total 

Monthly  ,.  Cumulative   Monthly  Cumulative  Sfcnthly  Cumulative 


.__ 


Oct. 

1,577,500 

Nov. 

1,570,000 

Dec. 

1,262,500 

1936  Jan. 

1,256,250 

Feb. 

1,250,000 

Mar. 

1,243,750 

Apr. 

1,237,500 

May 

1,231,250 

June 

1,225,000 

July 

1,218,750 

Aug. 

1,212,500 

Sept. 

1,206,250 

Oct. 

600,000 

Nov. 

596,250 

Dec. 

623,750 

51,111,250 

52,681,250 
53,943,750 
55,200,000 
56,450,000 
57,693,750 
58,931,250 
60,162,500 
61,387,500 
62,606,250 
63,818,750 
65,025,000 

65,625,000 
66,221,250 
66,350,000 


222,500 
230,000 
237,500 
243,750 
250,000 
256,250 
262,500 
268,750 
275,000 
281,250 
287, 500 
293,750 

300,000 
305,750 
307,500 


4,088,750 
4,318,750 
4,556,250 
4,800,000 
5,050,000 
5,306,250 
5,568,750 
5,337,500 
6,112,500 
6,393,750 
6,681,250 
6,975,000 

7,275,000 
7,578,750 
7,336,250 


1,800,000 
1,800,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 


55,200,000 
57,000,000 
58,500,000 
60,000,000 
61,500,000 
63,000,000 
64,500,000 
66,000,000 
67,500,000 
69,000,000 
70,500,000 
72,000,000 


900,000  72,900,000 
900,000  73,800,000 
936,250  74,736,250 
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SECTION  XI 

Engineering  Personnel 
And 
Financial  Advisory  CoEmittee 


SECTIQH  n. 
Engineering  Persomiel  and  Financial  Advisory  Board 

The  State  laws  relative  to  the  construction  of  State 
owned  toll  bridges  under  which  this  project  is  inaugurated  require 
that  "The  Department  of  Public  Works,  through  its  own  engineers 
or  through  such  other  engineers  or  experts  as  it  may  employ,  shall 
design  all  bridges  to  be  built  under  the  'Authority  of  this  Act', 
and  may  build  ffoe  same  or  any  portion  thereof  by  its  own  employees 
or  by  contract  with  any  person,  firm  or  corporation". 

In  August  1931  the  Toll  Bridge  Authority  appointed 
Mr.  C.  H.  Purcell  as  Chief  Engineer.  On  September  1,  1931, 
Charles  E.  Andrew,  Bridge  Engineer  of  the  Division  of  Highways, 
was  transferred  to  the  position  of  Bridge  Engineer  of  the  San 
Francisco-Oakland  Bay  Bridge  for  the  Department  of  Public  Works. 

On  September  10,  1931,  Mr.  Glenn  B.  Woodruff  was  ap- 
pointed to  the  position  of  Engineer  of  Design. 

The  following  engineers  were  appointed  by  the  Depart- 
ment of  Public  Works  to  act  as  Consulting  Engineers: 

Balph  Modjeski.  Chairman 
Koran  and  Proctor 
Leon  S.  Moisseiff 
Charles  Derleth,  Jr. 
H.  J.  Brunnier 

Mr.  Pureell  has  had  over  25  years  of  experience  in  the 
engineering  field,  a  large  portion  of  which  has  been  in  adminis- 
trative capacity.  His  long  experience  as  Bridge  Engineer  in  the 
State  of  Oregon,  and  District  Engineer  of  the  United  States 
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Department  of  Public  Roads,  followed  by  his  five  years  of  experience 
as  State  Highway  Engineer  of  California,  involving  the  direct  and 
administrative  control  of  many  millions  of  dollars  expenditure  in 
the  construction  of  all  types  of  bridges  and  highways,  preeminently 
qualifies  him  for  the  position  of  Chief  Engineer. 

Mr.  Andrew  has  had  over  20  years  of  experience  in  the 
direct  design  and  construction  of  railroad  and  highway  bridges, 
a  large  part  of  which  was  spent  as  Bridge  Engineer  for  the  State 
of  Washington  and  California,  involving  all  types  of  major  bridge 
construction. 

Mr.  Woodruff  has  had  many  years  of  experience  in  direct 
charge  of  the  design  of  major  bridge  projects  in  the  East,  in- 
cluding the  Mid-Hudson  Bridge,  Detroit  River  Bridge,  The  Mississippi 
River  Crossing  at  New  Orleans,  State  of  Kentucky  Toll  Bridges,  and 
many  others. 

The  members  of  the  Consulting  Board  are  all  men  of  long 
experience  and  established  reputation  in  the  construction  of 
major  bridge  structures. 

Mr.  Modjeski,  Chairman  of  the  Consulting  Board,  has  a 
world-wide  reputation  which  it  is  unnecessary  to  establish.  His 
wide  experience  on  railroad  bridges  for  the  Hill  lines,  the 
Thebes  Bridge,  the  Quebec  Bridge,  the  Philadelphia-Camden  Bridge, 
the  Mid-Hudson,  the  New  Orleans  and  numerous  others,  makes  him 
preeminent  in  the  field  of  bridge  engineering. 

The  firm  of  Moran  and  Proctor  are  recognized  as  out- 
standing in  the  design  of  bridge  foundations . 
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Mr.  Moisseiff  is  recognized  as  preeminent  in  the  field 
of  structural  design  -  particularly  suspension  structures. 

Professor  Derleth,  of  the  University  of  California,  has 
had  a  wide  experience  on  the  large  bridges  of  California,  having 
been  Chief  Engineer  for  the  Carquinez  Bridge,  and  Consultant  on 
the  Golden  Gate  Bridge  and  the  Posey  Tube. 

Mr.  Brunnier  has  had  long  experience  in  major  building 
design,  as  well  as  bridge  design,  and  has  had  considerable  ex- 
perience on  the  subject  of  earthquake  damage  and  its  effect. 

Professor  Andrew  C.  Lawson  of  the  University  of  Cali- 
fornia was  appointed  as  Consulting  Geologist.  He  has  a  long 
record  of  successful  experience  on  major  projects.  He  has  passed 
on  all  borings  and  foundations  for  the  bridge. 

The  Financial  Advisory  Committee,  appointed  by  the 
Governor  to  act  in  an  advisory  capacity  in  matters  of  finance, 
includes  outstanding  financial  and  business  men  of  the  Bay 
District,  as  follows: 


Harrison  S.  Robinson 
President;  also 
ex-officio  Member  of 
Executive  Committee 


Leland  f .  Cutler 

Vice-President;  also 
Member  of  the 
Executive  Committee 


Vice-President  California  State 
Ghamber  of  Commerce;  Vice-Presi- 
dent Oakland  Title  Insurance  and 
Guaranty  Company:  Chairman  Board 
of  Directors  West  Coast  Ealsomine 
Company;  President  Franklin  Land 
Company;  and  Member  of  the  law 
firm  of  Robinson,  Price  and 
MacDonald,  Oakland. 

President  of  the  San  Francisco 
Chamber  of  Commerce;  partner  in 
Bray ton,  Cutler  &  Cooke,  stocks 
and  bonds,  San  Itancisco:  and 
Vice-President  of  the  fidelity 
and  Deposit  Co.  of  Maryland, 
San  Francisco. 
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George  T.  Cameron 
Member;  also 
Chairman  of 
Executive  Committee 


Joseph  Carlston 
Member 

Charles  0.  Conrad 
Member 


W.  W.  Crocker 
Member 


E.  B.  DeGolia 
Member 


A.  M.  Fitzgerald 
Member;  also 
Member  of  the 
Executive  Committee 

Herbert  Ileishhacker 
Member;  also 
Member  of  the 
Executive  Committee 


A.  P.  Giannini 
Member;  also 
Member  of  the 
Executive  Committee 

R.  H.  Glassley 
Member 


E.  Clarence  Holmes 
Member;  also 
Member  of  the 
Executive  Committee 


Joseph  E.  Knowland 
Member 


Publisher  of  the  San  Francisco 
Chronicle;  President  of  the  Santa 
Cruz-Portland  Cement  Company-  and 
Vice-Chairman  of  the  Hoover- Toung 
Bridge  Commission. 

President  of  the  Central  Bank  of 
Oakland . 

Vice-President  of  the  Building 
Trades  Council  of  Alameda  County, 
and  business  representative  of 
Plumbers  Union  g=444  of  Oakland. 

Vice-President  of  the  Crocker  First 
National  Bank  of  San  Francisco*  and 
Vice-President  of  the  Crocker  First 
Federal  Trust  Company,  San  Francisco, 

President  of  the  California  State 
Automobile  Association;  Chairman  of 
the  Property  Owners*  Division  of 
the  San  Francisco  Real  Estate  Board; 
Member  of  the  San  Francisco  City 
Planning  Commission:  Chairman  of 
the  State  Tax  Committee;  and  Vice- 
President  of  Marsh  and  McLennan - 
J.B.F.  Davis  &  Son,  Ltd.,  insur- 
ance, San  Francisco. 

Vice-President  Central  Savings  and 
Central  National  Banks  of  Oakland. 


President  of  the  Anglo  &  London 
Paris  National  Bank,  San  Francisco: 
and  Vice-President  of  the  Anglo- 
California  Trust  Company,  San 
Francisco. 

Chairman  of  the  Executive  Board  of 
the  Bank  of  America  and  Transamer- 
ica  Corporation. 


President  of  the  Oakland  Chamber  of 
Commerce;  Manager  of  Montgomery 
Ward  and  Company  in  Oakland. 

President  of  the  Executive  Board, 
Bureau  of  Governmental  Research, 
San  Francisco;  also  President  of 
the  Holmes  Investment  Company  of 
San  Francisco. 

Director  Associated  Press-  Publish- 
er Oakland  Tribune:  Vice-President 
California  State  Chamber  of  Com- 
merce . 
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Frank  C.  MacDonald 
Member 


P.  H.  McCarthy 
Member 


J.  H.  Quinn 
Member 


John  P.  Symes 
Member 

George  Touray 
Member 


President  of  the  State  Building  Trades 
Council  of  California;  and  President 
of  the  Golden  Gate  Bridge  Association. 

Former  Mayor  of  San  Francisco;  and 
former  President  of  the  State  and  San 
Francisco  Building  Trades  Council;  no^j 
maintains  an  investment  office  in  the 
Hearst  Building,  San  Francisco. 

President  of  the  Alameda  County  Build- 
ing Trades  Council:  and  Editor  and 
Manager  of  the  Easi  Bay  labor  Journal. 

Member  of  R.  H.  Moulton  &  Co.,  muni- 
cipal bonds,  San  Francisco. 

President  of  the  San  Francisco  Bank, 
San  Francisco. 
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SECTION    III 


Approval     of    Iroject 


SECTION  HI. 
Approval  of  Project 

The  project  has  been  approved  as  to  engineering 
feasibility,  location  and  financial  soundness  by  the  Hoover- 
Toung  Commission,  appointed  by  the  President  of  the  United 
States  and  the  Governor  of  the  State  of  California  for  the 
purpose  of  passing  on  those  phases  of  the  project. 

All  engineering  phases  of  the  final  design,  including 
foundations  and  superstructure,  have  been  approved  by  the  Board 
of  Consulting  Engineers  and  by  Professor  Lawson,  Consulting 
Geologist.  Traffic  and  income  have  been  computed  by  competent 
engineers  of  the  Department  of  Public  Works  of  the  State  of 
California,  on  an  ultra-conservative  basis  based  on  actual 
monthly  traffic  records  kept  by  the  Railroad  Commission  of 
the  State  of  California.  These   figures  have  been  cheeked  and 
approved  by  Lester  S.  Ready,  Traffic  Expert  of  San  Irancisco. 

lavigation  clearances  have  been  approved  by  the  United 
States  Engineers  of  the  Department  of  War. 

Following  are  statements  of  approval  by  the  Consulting 
Board. 
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RALPH    MODJESKI 

CONSULTING  ENGINEER 


121  East  36th  Street 
New  YORK 

208  West  Wacker  Drive 
Chicago.  III. 


Keystone  Building 
Harrisburo.  Pa. 

1420  Walnut  Street 
Philadelphia.  Pa. 


New  York 
Aueust  the  18  th 
19  3       2 


Mr.  Charles  H.  Purcell,  Chief  Engineer, 
500  Sansome  Street, 

SAN  FRANCISCO,  California. 

Dear  Mr.  Purcell: 

During  my  various  visits  to  San  Francisco 
to  attend  meetings  of  the  Consulting  Board  of  the 
San  Francisco-Oakland  Bay  Bridge,  I  have  had  occasion  to 
go  carefully  into  the  matter  of  foundations  and  have 
examined  samples  of  test  borings  and  an  firmly  of  the 
opinion  that  the  foundations  as  planned  for  the  San  Francisco- 
Oakland  Bay  Bridge,  are  safe  in  every  respect,  including 
earthquake  shocks,  and  as  designed  they  will  be  as  economical 
as  practical  construction  will  permit. 

The  piers  as  located  can  not  be  considered 
an  obstruction  to  navigation. 


Very  truly  yours, 


Chairman,  Consulting  Board 
San  Francisco-Oakland  Bay  Bridge 
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I  11      13M.       to;      5-|-!4 

STATE  OF  CALIFORNIA 

Department  of  JjJuhlic  Works 

SOO    SANSOME   STREET 

SAN  FRANCISCO 

i,   FRANCISCO  OAKLAND  BAY  BRIDGE  DIVISION 

August  12th,   1932 


C    H.  PURCELL.  Chief  Engineer 


Pleasc  Refer  to 


Mr.  C.  H.  Parcel 1,  Chief  Engineer 
San  Francisco-Oakland  Bay  Bridge, 
San  Francisco,   California. 

Dear  Sir: 

We  have  carefully  studied  the  results  of  the 
unusually  complete  borings,  and  tests  of  the  natural 
material,  made  along  the  line  of  the  San  Francisco- 
Oakland  Bay  Bridge.  We  have  studied  and  checked  the 
Report  of  Prof.  Lawson  on  the  geological  conditions, 
also  the  design  for  each  pier. 

We  unqualifiedly  report  that  the  piers  as  plan- 
ned are  safe,  suitable  and  adequate  for  the  support  of 
the  bridge,  will  withstand  earthquake  shock,  and  be 
practical  and  economical  of  construction;  and  will  pro- 
duce the  least  practicable  obstruction  to  waterbourn 
commerce. 

Very  truly  yours, 
RAN  and  PROCTOR 


DM:MS  By 
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LEON  S.  MOISSEIFF 

CONSULTING    ENGINEER 

09    WALL    STREET 
NEW    YORK 


AUPUSt     19,      193?.. 


Mr.  Charles  H.  Purcell,  Chief  Engineer 
San  Francisco  Oakland-Bay  Bridge 
500  Sansome  Street, 
San  Tranciseo,  Cal. 

Dear  Sir: 

I  have  followed  carefully  the  records  of  the  borings 
made  on  the  site  of  the  Sen  F^sn^isco-Oekland  Bay  bridge  and 
have  repeatedly  examined  the  samples  and  cores  r°covered ,and 
have  studied  Pro-*".  Larson'"  renort  on  the  ecological  conditions^ 
have  given  much  study  to  the  required  resistance  of  the  niers 
and  anchorages  of  the  bridge  to  the  effect  of  earthquakes ;  T 
have  also  given  much  attention  to  the  design  of  the  niers. 

I  ^ind  that  the  niers  as  located  and  designed  will 
provide  a  safe,  practical  and  economical  substructure  for  the 
bridge  well  proportioned  for  its  loads  and  the  earthquakes  of 
the  re-ion. 

The  t>ie^--.  hav°  beon  *o   located  as  to  offer  nractic^llv 

no  obstruction  to  navigation.      „ 

Verv  tyulv 
J 


Lrr,n   3.    Moisseifi 

Member  of  the  Consulting  Board 

San  F^ancisco-Qekland  Eay  Bridge 
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Sttlisnv   6000 
LOCAL    246 


CHARLES  DERLETH,  JR. 

CIVIL  AND  CONSULTING 
ENGINEER 


£18  Engineering  Hall 

•>0  I    Or  11    *"'   -■■■-■"'""   "■■■ 
University  or  CALIFORNIA 

BERKELEY.  CALIFORNIA 

August  18,1932 


Mr.  C.  H.  Puroell,  Chief    Engineer, 
San  Francisco-Oakland  Bay  Bridge, 
500  Sansome  Street, 
San  Francisco,  California. 

Dear  Sir: 


Is  a  member  of  your  Board  of  Consulting  Engineers, 
I  have  been  in  intimate  contact  with  field  operations, 
designs,  office  preparation  of  plans  and  specifications  and 
the  collection  of  related  data,  sueh  as  traffic  studies; 
all  for  the  San  Francisco-Oakland  Bay  Bridge. 

I  know  of  no  similar  enterprise  where  more  thorough 
investigations  were  made  in  foundation  explorations  by  Jet 
and  diamond  drill,  by  test  piles  and  by  the  sampling  and 
testing  of  deep  foundation  materials.  The  plans  and 
specifications  for  sub-  and  super-struoture  have  been  as 
thoroughly  prepared  as  those  for  other  recent  structures, 
like  the  Philadelphia  Bridge  or  the  George  Washington  Bridge. 

Every  endeavor  has  been  made  to  benefit  by  the 
latest  advanoes  in  principles  of  design  and  knowledge  of 
materials.  In  addition  to  conservative  specifications  for 
dead,  live  and  wind  loads,  the  plane  have  been  prepared  to 
withstand  earthquake  stresses  due  to  a  horizontal  fore*  of 
7-1/2  pereent  of  gravity.  The  foundations  where  they  rest 
in  granular  materials  have  been  designed  to  resist  a  seismic 
pressure  from  any  tendency  to  motion  In  these  materials* 

I  am  confident  that  the  structures  as  developed  are 
sound  and  safe;  that  they  will  meet  traffic  needs;  and  that 
estimates  of  oost  are  based  upon  accurate  quantities  and 
reliable  unit  prices. 

Very  truly  yours, 


0.  Derleth,  jr. 
Consulting  Engineer. 
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H.    J.    BRUNNIER 

DESIGNING  ft  CONSULTING 
STRUCTURAL  ENGINEER 
SHARON  BUILDING 
SAN        FRANCISCO 

August  17,  1932 
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LESTER  •.  READY 

CON8ULTINO  CNOINCCR 

RlALTO  BUILOINO 

San  Franciico.Cal. 


August  19,  1932 


Mr.  C.  H.  Purcell,  Chief  Engineer, 
San  Francisco-Oakland  Bay  Bridge, 
500  Sansome  Street,  San  Francisco. 

My  dear  Mr.  Purcell: 


Complying  with  your  request 
for  my  judgment  regarding  estimates  of  vehicular  and  pass- 
enger traffic  between  San  Francisco  and  the  East  Bay  Area, 
as  set  forth  in  your  report  to  the  California  Toll  Bridge 
Authority,  it  is  my  opinion  that  they  are  conservative. 

Since  making  the  investigation  in 
1929  of  traffic  for  the  Hoover-Young  report,  I  have  con- 
sulted with  your  engineers  in  preparation  of  the  current 
report  and  I   am  convinced  that  the  actual  traffic  resulting 
upon  completion  of  the  San  Francisco-Oakland  Bay  Bridge  will 
be  in  excess  of  the  present  estimates. 

The  estimate  of  revenues  to  be  de- 
rived from  vehicular  and  interurban  passenger  traffic,   in  my 
opinion,   is  also  on  the  conservative  side,   es  it  is  based  on 
toll  rates  per  vehicle  lower  than  those  under  present  ferry 
operation;   and  furthermore,    the  estimates  of  interurban  pass- 
enger toll  revenues  may  be  considered  as  the  minimum. 


Very  truly  yours, 


Consulting  Engineer 
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